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What Is Computational Human Phantoms?

Model of the human body for computational analysis
(e.g., for MC dose calculation or radiation imaging simulation)
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Advances in Phantom Geometry

2nd Generation
(1980s~)

1st Generation
(1960s~)

3rd Generation
(2000s~)

MIRD5,
ADAM/EVA,
KMIRD, …

ICRP 110,
VIP-MAN,
HDRKs, … 

1950s~1960s

PSRKs, 
UF/NCI Family,
RPI-AM,AF
4D XCAT, …

• Not realistic • Stair-stepped surface
• No thin/tiny tissue
• Not deformable

• Smooth surface
• Thin/tiny tissue
• Deformable
• Voxelization 
• No sub-organ density 

variation modeling

• Smooth surface
• Thin/tiny tissue
• Deformable
• No voxelization
• Sub-organ density variation 

modeling
• Fast computation

THRKs, 
MRCPs,
MRKPs

4th Generation
(2010s~)

Stylized
(Equations)

Voxel
NURBS/Polygon 

Mesh
(Surface Mesh)

Tetrahedron Mesh
(Volume Mesh)

Simplified
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ICRP (International Commission on Radiological Protection)

❖ The main mission of the ICRP is to provide
recommendations and guidance on radiation protection.

4
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ICRP Reference Dose Coefficients

❖ The ICRP provides reference dose coefficients for external 
and internal exposures to assess the health risk from ionizing 
radiation by using computational phantoms.
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ICRP145: Adult Mesh-type Reference Computational  Phantoms (MRCPs)

⚫ Conversion from the ICRP110 voxel-type reference 
computational phantoms.

⚫ Elaborate modeling of microscopic radiosensitive 
target and source layer of organs/tissues.

⚫ High deformability.

⚫ Two-format

▪ Polygonal-mesh format

▪ Tetrahedral-mesh format.
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ICRP145: Adult Mesh-type Reference Computational  Phantoms (MRCPs)

⚫ Conversion from the ICRP110 voxel-type reference 
computational phantoms.

⚫ Elaborate modeling of microscopic radiosensitive 
target and source layer of organs/tissues.

⚫ High deformability.

⚫ Two-format

▪ Polygonal-mesh format

▪ Tetrahedral-mesh format.

Tetrahedralization

TETGEN POLY2TET
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Example Overview: Main

ICRP145_HumanPhantoms

Name Contents

ICRP145phantoms.cc source file including main() function

CMakeLists.txt cmake file to complie and link the 
source files

source.mac Source definition using 
GeneralParticleSource functions

init_vis.mac visualization macro file

vis.mac visualization macro file including 
viewer’s option

❖ All header and source files related to “ICRP145standalone” will not be covered in 
this lecture. While this code supports visualization, “ICRP145phantoms” is 
sufficient for running and visualization.

include

src

build

ICRP145data
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Example Overview: Header/Source Files

ICRP145_HumanPhantoms

include

src

Name Contents

TETModelImport.hh/cc Read phantom data

TETDetectorConstruction.hh/cc Install phantom

TETParameterisation.hh/cc Install each tetrahedron

TETPSEnergyDeposit.hh/cc Scoring energy deposition by organ ID

TETPrimaryGeneratorAction.hh/cc Generate primary particles

TETSteppingAction.hh/cc Stepping action to avoid particle 
overlapping on mesh surface

TETRun.hh/cc Collect energy deposition data by each 
thread and merge them to master thread.

TETRunAction.hh/cc Print organ dose and statistical relative err.

build

ICRP145data



10

Example Overview: Phantom Data

ICRP145_HumanPhantoms

include

src

build

ICRP145data

Name Contents

colour.dat RGBA data of the organs/tissues

MRCP_AM/AF.node Tetrahedron vertex position data

MRCP_AM/AF.ele Tetrahedron vertex numbering data

MRCP_AM/AF.material Density, composition data
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Phantom Data: .node and .ele files

P1

P2

P3P4

Tetrahedron is defined by …

4 vertices

(XP1, YP1, ZP1)

(XP2, YP2, ZP2)

MRCP_AF.node

(XP3, YP3, ZP3)

(XP4, YP4, ZP4)

4 facets

(P1, P2, P3)

(P1, P4, P2)

MRCP_AF.ele

(P1, P3, P4)

(P2, P4, P3)

▪ MRCP_AF.node

• First line

1279642 3 0 0

• Remaining line list # of points

0 1.728173 0.27409899999999998 33.475464000000002

1 1.550969 0.48175099999999998 33.402968999999999

<# of vertices> <dimension> <n/a> <n/a>

<vertex ID> <x> <y> <z>

▪ MRCP_AF.ele

• First line

8582677 4 1

• Remaining line list # of points

0 1226007 1148977 1225948 1149037 12501

1 901017 459351 901018 459350 11700

<# of tet> <vertices per tet> <# of attributes (for organ ID)>

<tet ID> <vertex 1> <vertex 2> <vertex 3> <vertex 4> <organ ID>
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Phantom Data: .material files
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Example Exposure Scenario

Common external exposure scenario

• Particle: photon

• Energy: 1 MeV

• Type and position: point source located 1 m in 
front of the phantom

• Direction: isotropic

• Result: average absorbed dose for each ID

1-MeV photon

x z

y
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Geant4 Classes: Geometries

• TETModelImport is to import the phantom data (“*.ele”, “*.node”, “*.material” files).

• TETDetectorConstruction is to construct the phantom and other geometries

(phantombox, world, scorer).

• TETParameterisation is to define the tetrahedral mesh phantom by parameterisation

using the phantom data which is imported in TETModelImport.

TETDetectorConsturction

Phantom

TETModelImport

TET data

TETParameterisation

*.node*.ele *.material

Phantom data

Parameterisation

World

Phantombox
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Geant4 Classes: Geometries (Cont’d)

• TETModelImport is to import the phantom data (“*.ele”, “*.node”, “*.material” files).

Read ELE and NODE tetrahedral-mesh phantom files

Read Material file in MCNP format

Write phantom information (e.g., phantom size and organ mass)

Read organ color data for visualization
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Geant4 Classes: Geometries (Cont’d)

• TETDetectorConstruction is to construct the phantom and other geometries

(phantombox, world, scorer).

Define world

Define phantom box
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Geant4 Classes: Geometries (Cont’d)

• TETDetectorConstruction is to construct the phantom and other geometries

(phantombox, world, scorer).

• Phantom box functions:

• make 3D-transform easy.

• make particle searching process efficient.

• smart voxel tuning for phantom

• Margin: if phantom box exactly fit with the 

phantom, the particle can be stuck at the vertex 

faced with the phantom box boundary.

margin

smart voxel tuning



18

Geant4 Classes: Geometries (Cont’d)
• TETDetectorConstruction is to construct the phantom and other geometries

(phantombox, world, scorer).

• TETParameterisation is to define the tetrahedral mesh phantom by parameterisation

using the phantom data which is imported in TETModelImport.

• What is parameterization?

• Parameterised volumes are the repeated volumes with the multiple copies of a volume in

different size, solid type, or material.

• The type of solid, dimensions, transformation matrix, and material can be parameterized in

function of the copy number.

• When the parameterisation is used, the Geant4 automatically computes and updates the

Physical Volume at run time.

Implementation of tetrahedral-mesh 

phantoms using parameterization class

(Note that G4PVParameterised has only one 

mother logical volume → phantom box)



19

Geant4 Classes: Geometries (Cont’d)

• TETParameterisation is to define the tetrahedral mesh phantom by parameterisation

using the phantom data which is imported in TETModelImport.

Install tetrahedrons in 

function of the copy number

→ In this example, the  

tetrahedrons are saved in 

TETModelImport

Change the material of the 

volume in function of the 

copy number

→ In this example, the 

material information are 

saved in TETModelImport
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Geant4 Classes: Geometries (Cont’d)

• TETParameterisation is to define the tetrahedral mesh phantom by parameterisation

using the phantom data which is imported in TETModelImport.

1

0
2

3
4

5

12200: skin
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Geant4 Classes: Organ Dose Calculation

▪ TETDetectorConstruction is to construct scorer in the phantom to get doses in

organs.

▪ TETPSEnergyDeposit is to specify scorer functions for energy deposition.

▪ TETRun is to calculate organ doses.

▪ TETRunAction is to produce and print dose results.

TETPSEnergyDeposit

TETRun TETRunAction

Register 
functions

Dose calculation

Produce and
print dose results

TETDetectorConsturction

Scorer
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Geant4 Classes: Organ Dose Calculation (Cont’d)

▪ TETDetectorConstruction is to construct scorer in the phantom to get doses in

organs.

Compute energy deposition in each organ using G4PSEnergyDeposit class
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Geant4 Classes: Organ Dose Calculation (Cont’d)

▪ TETPSEnergyDeposit is to specify scorer functions for energy deposition.

▪ TETRun is to calculate organ doses.

Energy deposition is stored in the organs where the step interacted

Compute organ doses from the stored data in TETPSEnergyDeposit class
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Geant4 Classes: Organ Dose Calculation (Cont’d)

▪ TETRun is to calculate organ doses.

Compute organ doses from the stored data in TETPSEnergyDeposit class

▪ Each worker thread execute 

RecordEvent() and store energy 

deposition data in variable ‘edepMap’.

▪ For merging those ‘edepMap’ by each 

worker thread, Merge() helps to 

accumulation for master thread.
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Geant4 Classes: Organ Dose Calculation (Cont’d)

▪ TETRunAction is to produce and print dose results.

Write the result file at the EndOfRunAction!
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Geant4 Classes: Organ Dose Calculation (Cont’d)

▪ TETRunAction is to produce and print dose results.
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Geant4 Classes: etc.

▪ TETActionInitialization is to initialize action classes (e.g., TETRunAction).

▪ TETSteppingAction is to resolve stuck particles in each step.

stuck →move slightly

microscopic scale of radiosensitive layers
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Geant4 Classes: Set Source

▪ TETPrimaryGeneratorAction is to generate sources.

• External exposure

✓ Sources are generated through G4GeneralParticleSource. 

▪ Source information (e.g., particle type, energy, ...) is specified in source definition 

file (“*.mac”). 

TETPrimaryGeneratorAction

Generate sources using 

G4GeneralParticleSource or 

G4ParticleGun

source.mac

Source definition file

• Source can be specified by using macro 

commands for G4GeneralParticleSource.

• Particle direction, energy, type, geometry, 

position is set in sequence in the 

“source.mac” file.

* For more details about G4GeneralParicleSource (“/gps/”), 

see Geant4 GPS manual.

▪ Source definition file (“Source.mac”) for external exposure
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Input Macro File Example

▪ Input macro file (“example.in”)

• Set the number of threads for Geant4 

simulation using “/run/numberOfThreads” 

(Geant4 should be compiled in multi-

threaded mode). 

• Set the source definition file path using 

“/control/execute”.

• Set the number of particles (NPS) for each 

run using “/run/beamOn”
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VM Setup and Example Build

⚫ cp –r (INSTALL_PATH)/geant4-v11.3.0/examples/advanced/ICRP145_HumanPhantoms (PATH)

⚫ cd (PATH)/ICRP145_HumanPhantoms

⚫ mkdir build

⚫ cd build

⚫ cmake ..

⚫ make

.. phantom data will be automatically downloaded.

• If your VM disk size and memory are not enough, it should be expanded by 

following procedures

• Phantom data: ~1.2 GB

• Memory usage: ~10 GB

⚫ sudo apt install gparted

⚫ sudo gparted

1

3

4

6

7. Run VM

8. Install and execute ‘gparted’
9. Resize

5. Expand disk size

10

25.0

2. Increase memory (>12 GB)
12
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Example Command: Batch Mode

⚫./ICRP145phantoms –m example.in –o MRCP_AM.out

⚫./ICRP145phantoms –m example.in –o MRCP_AF.out -f
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Example Command: Interactive Mode

⚫./ICRP145phantoms

⚫./ICRP145standalone

vis.mac
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ICRP110: Adult Voxel-type Reference Computational  Phantoms (VRCPs)

⚫ Highly realistic anatomical representation
based on actual patient CT images.

⚫ Fast computation time.

⚫ The masses and density of organs/tissues are 
consistent with the ICRP-89 reference values.
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ICRP110 Example: Voxel Geometry

Install voxels using 

NestedParametersiation

→ repeated voxels filled 

with different materials
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ICRP110 Example: Run

Batch mode

⚫./ICRP110phantoms male.in

⚫./ICRP110phantoms female_in

Interactive mode

⚫./ICRP110phantoms

⚫./ICRP110standalone
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