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Appendix A.

Introduction

MOSE is a photon tracing program for optical analysis of biological tissue models.
MOSE traces photons using “Monte Carlo Technique”.

The best way to describe how does MOSE work might be to briefly outline the
steps that are typically taken if you were to start a new MOSE project. These steps
will be discussed in the following sections.

If you are beginning to create a new MOSE project, it needs to choose and create
the appropriate type project on the specific function, MOSE includes two different
types of projects, "BLT" and "image processing”. You will enter in different operating
interface according to the type of project. The following will define the different types
of projects in detail.

How to input the parameters?

MOSE has a very friendly user interface. There are a number of ways to input data
and output results for users.

Take the BLT project for example, it offers two efficient approaches for us to input
the parameters. One is loading the parameter files (.mse file), which has a specified
form. We will offer some standard parameter files to users to study how to construct
the parameter file. The other is inputting the parameters in the parameter setting
dialog box. No matter which approach, you can simply modify parameters after
inputting. You can add or delete tissues or light sources or detectors if you need. It is
especially useful when the kinds of tissues or light sources or detectors are more than
the default settings.

How does MOSE simulate?

After inputting the parameters, we can start the BLT simulation or the image
processing.

Take the BLT project for example. Monte Carlo (MC) method constructs the
foundation of the BLT, and in the MC method the source was discretized into a
number of photon packets. The whole propagation of each photon packet includes
three main parts: photon packet generation from bioluminescent sources, the
propagation in biological tissues and detection by the CCD detectors, which were
completed through the Monte Carlo (MC) method. The MC method has been proved
to be exact and efficient. During the whole process, MOSE not only traces the travel
paths of each photon packet but also records the absorption and transmittance
information. with these records, MOSE can give absorption and flee map of the
photons in phantom.



Can | run MOSE on my computer?
Until now, MOSE can run on Microsoft Windows 98/2000/NT/XP/Vista.

Development Language

Kernel arithmetic was developed by C++, while interface development was MFC.

Compilation Environment
VC++ 6.0.

Appendix B.
Getting started with MOSE

1 Run MOSE

1. Double click the MOSE.exe file, and Monte Carlo simulation application software
will start immediately (Figure 1).

B

File View Help
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0utput graph: I J| Select speclrum I J|

Figure 1. Main Window of MOSE

2 New project

The first step to start the simulation is to build a new project. Select the menu

named New under the File menu, or click the button i on the toolbar, the New



Simulation Project window appears (Figure 2).

Rew Simulation Project

Project Name:
Project Path: ‘ oo

Select Project Type

& Molecular Imaging [BLT)

Select Simulation Environment

2D + 3D Analytic " 3D Mesh

" Image Processing

0K Cancel ‘

Figure 2. Build a New Project

Input your project name, select the save path through =] , MOSE will create a new

folder under the path and the folder include a .mpj file.( Note: In the project of the
type of BLT, the information of tissues, light sources etc and the simulation results
could be saved in the file folder. And this information is related by a project file. In
the project of image processing, the information is not related because there is no such
absolute relationship between image process and output data.)

Where, the user must select save path to avoid some errors caused by inputting path
hand manual.

As shown in figure 2, we can select simulate project pattern in item of project,
according to different pattern, MOSE can appear different interface. At present,
MOSE include two kinds of project: BLT and image process.

Where, BLT includes three kinds of environment: 2D environment, 3D analytic
environment and 3D mesh environment. Image processing includes threshold
segmentation and mesh simplification.

3 Open a project

Users can open a project built previously. The type of .mpj and other associated file,
could also be open. And the interface would show the corresponding state according
to the parameters of the project file. Taking the BLT project as example, if the
simulation had been run and the files of parameters and results had been output in the
previous project, these files of parameters and results would be opened together when
the project was opened. And it may take some time to do this procedure when loading
huge data. After this procedure, users could observe the results got by the simulation
before through the buttons on the interface.

1 Molecular Imaging Project



Molecular Imaging (MI) only includes Bioluminescence Tomography (BLT) at
version 2.1. There will have Fluorescence Molecular Tomography (FMT) and Diffuse
Optical Tomography (DOT) being added to this project in future.

Step 1 Get into the Simulation Environment

If select built a new project, choose the simulation environment in the dialog of
new project, and then step into the corresponding simulation interface. The different
simulation environment has different type of phantom. After this step MOSE will
display different interface according to your choice. Figure 3-1 shows the interface of
2D environment.

4 Hose — [123-3D Analytic Honte Carlo Simulation]
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Output graph: | J Select spectrum:

Figure 3-1.Interface of 2D simulation environment

If you want to open the former project, select the Open menu under the File menu

B
&

or click the button ~— on the toolbar, and find the project file (.mpj file) saved

before, the simulation environment, parameter file, absorption result, transmittance
result and CCD result would be loaded automatically in MOSE (shown in Figure 4).

Choosing a new project or open the old one, next step will change according to the
different option for user.

User will handle the *Parameter Input’ and ‘Simulation and Output of MOSE” when
you built a new project.

If open an old project, user could do these steps selective. For example, if user just
inputted parameters last time, we should finish the “Simulation and Output of MOSE’
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step; if not, we will restart it. If all the two steps were done, what we should do is just
to open it and get the result.
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Figure 4 . Open a BLT project that is in 3D mesh environment

Step 2 Parameter Input

1. The steps of inputting the parameter in these three simulation environments are
similar. Here, we just take the 3D analytic environment as the example.

As in Figure 3-2, in the main window, under the input menu, click 3D Analytic

Parameter or click the button g . The Input Parameters window appears (See

Figure 5). There are four different input pages named “Tissue’, ‘Light Source’” ‘CCD’
and ‘MC simulation’, respectively.



3D Analytic Simulation

Tissue Parameter ILighl Source Palameler‘ cco Parnmeler} MC Simulation Paramel:rl
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Add Spectrum

Del Spectrum
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Apply
Cancel
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Figure 5. Input dialog box for simulation parameters

a. Click the button Load Data, we can load 3D analytic parameter file (*.mse/*.txt)
from outside. We provide some file examples for user to study how to use MOSE. If
the form of the file is not correct, only the correct parameters will be read in and

others need to be input manually. After loading data, the parameter will be seen in the
Input Parameters dialog box.

b. Click the button Add Spectrum, we can add new spectrum band as Figure 6-1
indicates. Also the optical parameter of all the tissues in the new spectrum band could

be set in this dialog box. The information of the light sources in this spectrum band
could be set in “Light Source’ Parameter Page.

Add Spectrum —
Wavelength : nm

Tissue Optical Parameter

tissug Absorption {1 /mmm) |Scattering (limm)l Anisotropy | Refractive |
Phantoms.
Heart
LeftKidney
RightKidne
Eone

Figure 6-1. Dialog box for adding spectrum band

c. Click the button Del Spectrum, choose the spectrum band that we want to delete as
Figure 6-2 indicates, and press Button OK to delete it. After this step the tissues
parameters and the light sources parameters related to this spectrum will be deleted.

DelSpectrum

Choose Spectrum:

———
520 Cancel




Figure 6-2. Dialog box for deleting a spectrum band
d. Click button Apply, all the parameters in the pages will be saved.
2. Page of Tissue parameter

As in figure 7-1,The ‘Tissue’ list of this page shows the parameters of all tissues,
including name, center coordinates, shape, rotation angle, half-axis length.

3D Analytic Simulation X
Tissue Parameter | Light Source Parameter | CCD Parameter | MC Simulation Parameter |
Tissue
Load Data...
— L) | tem |z | e | agm | b Q
PhantomSur face 0. 000000 0000000 | 0.000000 | Cylinder 10.000000 | 10
Heart 0.000000 4,000000 | £.000000 | Ellipseid | 4.000000 2.0
LeftKidnay -5.000000 | 0000000 | 0.000000 | Ellipseid | 4.000000 4.0
Add Spectrum
RightKidney 5. 000000 0,000000 | 0.000000  Ellipseid | 4.000000 50w
< 2
Del Spectrum
Optical Parameter of PhantomSurface
Havelengh (nm) Absorption (1fmm) Seattering (1/mm) hnisotropy Refrae
20 0. 008761 20. 973200 0.940000 1.350
Apply
< >
Cancel
Add Tissue | Del Tissue

Figure 7-1. Input dialog box for tissue parameter
X: x coordinates of the center location of the tissue
Y: y coordinates of the center location of the tissue
Z: z coordinates of the center location of the tissue
Alpha: the rotation angle of the tissue shape with respect to x-axis
Beta: the rotation angle of the tissue shape with respect to y-axis
Gamma: the rotation angle of the tissue shape with respect to z-axis
a: the length of half axis of x coordinate
b: the length of half axis of y coordinate
c: the length of half axis of z coordinate
Shape: the geometric shape of the tissue.

Where, MOSE provides two kinds of shape model: Ellipse, Rectangle in 2D
environment and Ellipsoid, Cylinder in 3D environment.

Especially, under 3D mesh environment, tissue shape consists of triangle mesh
structure, such as .ply/.off files (Figure 7-2).



3D Mesh Simulation

Tissue Parameter I Light Source Parameter | CCD Parameter | MC Simulation Parameter |
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Figure 7-2. Input dialog box for parameter of tissues in 3D mesh

The ‘Optical Parameter’ list shows the optical parameters of the tissue which is
chosen in the “Tissue’ list in each spectrum band, including absorption coefficient,

scattering coefficient, refractive index, and anisotropy coefficient.

Notice: Since the first tissue represents the phantom, it cannot be deleted. And
other tissues must be in the range of phantom. Otherwise, errors would happen during

simulation.

Add Tissue

Tissue Parameters
Center Position

x: 1]
Tissue Name : mm
¥ 0 mm
Tissue Shape : -
z: [ i
Rotation Angle Shape Parameter
Alpha : 0 a: p mm
Belta : 0 b: 0 mm
Gamma : 0 c: 0 mm

Optical Parameter

wavelsngh (nm) | Absorption {1mm) | Scattering {1/mm) | Anisotropy | Refractive |
620

0K § Cancel

a. Click the button Add Tissue, there will be an input dialog box as Figure7-3 shown.
We can add tissue as we need. Here we should input the tissue’s name, shape, center
coordinates, rotation angle, half axis length and optical parameters. Especially, in 3D

Figure 7-3. Dialog box for adding a new tissue




mesh environment, we need to input the path of the .ply/.off files (Figure 7-4). Click
the ‘OK’ button, the new tissue will be added in the “Tissue’ list.

Add Tissue ==
Tissue Name:

Shape File Path:

Browse...
Optical Parameter

Wavelengh (nm) | Absorpt... Scattering(l,imm)| Anisokropy | Refractive |
620
650

0K Cancel |

Figure 7-4. ‘Add Tissue’ dialog box in 3D mesh
b. Click the button Del Tissue, delete selected tissue and its optical parameters.
3. Page of Light Source parameter

This page consists of the information of regular shape of the light sources (Figure
8-1). As the tissue page, the upper list shows the information of the light sources,
including the center coordinates, shape, rotation angle, half-axis length and the form
of energy distribution.

3D Analytic Simulation

Tissue Parameter i Li ﬁé;‘iﬁél‘érﬂ CCD P ] MC Simulation P! 1
(L ST Load Data...
Faraneter xm) | tom | zom | Shewe | aGmd | b m
Light source 1 -4.000000 | 6.000000 | 7.000000 @ Cylinder  0.500000 | 0.50000
Light =ource 2 4000000 £. 000000 7. 000000 Cylinder 0. 500000 050001
Add Spectrum
< 3 Del Spectrum
Property of Light source 1
Wavelenth (nm) HumberOfFhotons SourceFnerey (#) |
Add Light Source
820 10000 1.000000+000
O Apphy
Del Light Source
Cancel

Figure 8-1. Input dialog box for light source parameter

The lower list shows the information of the light source which is chosen in the
upper list, including the photon energy and photon number of the light source in
different spectrum band. Here, if the light source doesn’t include one of the spectrum
bands, the corresponding photon number and energy should be set to zero.

Especially, in 3D mesh environment, there’re two kinds of shape of the light source.
One is analytic shape (ellipsoid, cylinder), the other is mesh shape (mc triangle mesh).
The upper list mentioned above is divided into two lists (Figure 8-2). The ‘Analytic
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Light Source’ list shows the light sources which are analytic shape, while the ‘Mesh
Light Source’ list shows the light sources which are mesh shape.

3D Mesh Simulation —
Tissue Parameter Light Source Par ICCD Par 1 l MC Simulation Par t ]

Analytic Light Source

Parameter | xgum) | v(om) | Z(mm) | Shape | Alpha(degres) | Beka(degres) | o Load Data...
Light source 1| -4,000000 | 6,000000 | 7.000000 | Cylinder 0.000000 0.000000

< 1il >

Add Spect
Mesh Light Source pectrum

Parameter ‘ Shape File Path Change Path
Light source 2 cih2.ply Browse... Del Spectrum

Appl
Property of Light source 1 By

‘Wwavelengh (nm) MumberOfPhotans SourceEnergy (W) ‘ Add Light Source
620 500 1.000000e-+000 Cancel

650 500 1.000000e+000

e i

Del Light Source | 0K

Figure 8-2. Input dialog box for parameter of light sources in 3D mesh environment

a. Click the button Add Light Source, regular shape light source will be added and
the input dialog box is as follows (Figure 8-3):

Add Light Source

Light Source Parameter

Light Source Shape : Ellipsoid -

Light Source Distribution :  |Uniform -

Center Position Rotation Angle Shape Parameter
X! D mm Alpha : 0 a: 0 mm
¥: 0 mm Belta : i} b: 0 mm
z: 0 mm Gamma : 0 c: 0 mm
Property
Wave... | HumberOfPho... | SourceEnergy |
620

0K Cancel

Figure 8-3. Dialog box for adding a light source

Where, we should set the shape, the form of energy distribution, center coordinates,
rotation angle, half-axis length of the light source and photon number and energy in
corresponding spectrum band.

Especially, in 3D mesh environment, we should select the shape type before we
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input the parameters of the light source (see Figure 8-4 and Figure 8-5).

-

Light Source Shape Type

+ Analytic Shape

" Mesh Shape

Cancel ‘

Figure 8-4. Dialog for selecting the shape type

Light Source Parameter
File Path: | J
Property

Wavele... | NumberOfPhatons | SourceEnergy
BZ0
650

Cancel |

Figure 8-5. “Add Light Source’ dialog box if select the mesh shape

b. Click the button Del Light Source, the selected light source and its parameters
would be deleted.

4. Page of CCD detector parameter

See Figure 9, information, including the center coordinates, shape, rotation angle,
half axis length, resolution and normal vector of CCD, the flag for detector matrix
saving, the coordinate system of detector matrix and the flag for lens being, is shown
in the ‘CCD?’ list of this page.
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3D Analytic Simulation

Tissue Paramelerl Light Source Parameter CCD Paramet IMC Simulation Par ]
CCD
Load Data...
E—— % Gm) T () 2n) | shepe | e | bma
Tetertor 1 12 nnnan 0000000 | 000000 | Cube nonoonn | 10 oo
Detector 2 0. 000000 12.000000 | 0.000000 | Cube | 10000000 | 0.000
Detector 3 -12. 000000 0. 000000 0. 000000 Cab 0. 000000 10, 00¢
erecter e a4 Add Spectrum
< >
Lens Del Spectrum
Lens X fm) T fun) Z fom) Shape a (mm) b Gum %
Detectorl | O.O0OOON | (0LOOOOOD | =3 00000 | Ellipseid 11 000000 | 130000

Detector 0. 000000 0. 000000 =3. 000000 Ellipseid 11. 000000 13. 000

Detectord 0. 000000 0. 000000 —3. 000000 Ellipsoid 11. 000000 13. 0000
£ >

Apply

Cancel

Add CCD Del CCD |

s 0l E )

0K

Figure 9. Input dialog box for parameter of detectors and lens
Where,
Resolution(dx): the resolution of x coordinate
Resolution(dy): the resolution of y coordinate
Resolution(dz): the resolution of z coordinate

The ‘Lens’ list shows the information about lens corresponding to each of the
detectors, including the center coordinates, shape, rotation angle, half axis length,
normal vector and focus of the lens.

If the last item ‘Lens’ item in the *‘CCD’ list set to be “nolens”, all the lens
parameters in the ‘Lens’ list for the corresponding detector will be set to zero.

a. Click the button Add CCD, a new row for detector would be added into the ‘CCD’
list. And the corresponding parameters information can be inputted by user.

b. Click the button Del CCD, the selected detector and its information would be
deleted.

5. Page of Monte Carlo (MC) parameter

The information about absorption matrix and transmittance matrix for Monte Carlo
simulation is illustrated in this page (Figure 10), including the coordinate system and
resolution of the absorption matrix and transmittance matrix. We can choose whether
to save the two matrixes or not.
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JD Analytic Simulation

Tissue Parameterl Light Source Parameterl CCD Parameter MC Simulation Parameter l

Absorption Matrix
Load Data...

coordinate system: Cylindrical j

Add Spectrum

Transmittance Matrix

Del Spectrum

coordinate system: Cylindrical j

Resolution

X-axis: 0.1 mm y-axis: 0.1 mm z-axis: 0.1 mm
polar radius: 0.1 mm polar angle: 1 degree

Apply

Cancel

s BE W)

Figure 10. Input dialog box for MC simulation parameter
6. Modification of the parameter in sidebar

After the parameters in four pages are all inputted, click the button OK then enter
the simulation interface (shown in Figure 11).
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Figure 11. Interface of simulation in 3D analytic environment
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In this image, white represents tissues, red represents light source and gray is CCD.

Unfolding the sidebar, we can find the parameters of tissue, light source, CCD and
MC inputted. These parameters can be modified easily and flexibly here.

a. Tissue list: Tissue name is shown in the upper list, corresponding information
including position and shape parameters which can be modified in the second list (in
3D mesh environment, the second list shows the path of the .ply/.off file). We can add
tissue, delete tissue, or set the optical parameter by right clicking the tissue name (see
Figure 12-1, Figure 12-2, Figure 12-3).

x

PhantomSurface
" acd Tissue

Lo EETET—

Ry optical parameters

B

- . T —
Add Ti
center x _(mm] 0.000000 1ssue
center y [mm] 4.000000 Tissue Parameters
center 2 [mm) 6.000000
alpha [degree] 0.00000D
belta [degree] 0.000000 )
gamma [degree] 0.000000 Tissue Name :
shape ELLIFS0ID -
a [mm] 4.000000 ) . o -
b fmm) 2.000000 Tissue Shape :
¢ [mm] 2.000000
Ellipsoid
Center Position Rotation Angle Shape Parameter
x: 0 mm Alpha : o a: g mm
' 0 mm Belta : 0 b: [i] oo
z: 0 mm Gamma : 0 c: 0 mm
Display Setting - ** Heart " Optical Parameter

- I o Wavelzsnzg; Gn) | Absorptien Seattering Ani sot. Refr

G: —1 @288

B: | 255

Opacity: —  80%

¥ Show ™ Solid display

L 0K Cancel
@ Tissue| @ Lian | @ccn] O Paraneter|

Figure 12-1. Add a tissue
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Figure 12-2. Delete a tissue
Optical Parameter =
® ‘Wavelength. .. |Absurptiun(... |Scattering(... | Anisokropy | Refractive
520 0,154380 18.092400 0,360000 1.370000
PhantomSurface
Heart
- fdd Tissue
L Del Tisse - -
] Optical Pavameters u
Cancel

Figure 12-3. Set the optical parameters of the light source

b. Light list: Light source is shown in the upper list, corresponding information
including position and shape parameters which can be modified in the second list.
Right click a certain light source, we can add or delete a light source, or set the photon
energy distributing and the number of photons in each spectrum band (see Figure 12-4,
Figure 12-5, and Figure 12-6).
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Figure 12-4. Add a light source
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Figure 12-5. Delete a light source
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- S Light Source
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Figure 12-6. Set the property of the light source

c. CCD List: All the detectors are shown on the upper list, corresponding information
including position and shape parameters which can be modified in the second list.
Right click a certain detector, we could add or delete a detector or set the parameters
of lens (see Figure 12-7, Figure 12-8, Figure 12-9).

x x

DetectorLen 1 DetectorLen 1

Detectorlen 2 DetectorLen 2

DetectorLen 3 ﬁ# DetectorLen 3
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c [mm] 11000000 c [mm] 0.000000
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AR ———————1 255 R ———— | 25§

G: — | 255 G: —| 2585

B: | 255 B | 255
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@11 zeue] @Lion] @ooa[ O Parsnsrer] @rTizsue] QLisnt] Qoo (O0C Paraneter

Figure 12-7. Add a CCD detector
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P Fils Input Output Sinalation View findow Help

U RPEHNSG R
J Select spectrum: m

Qutput graph: ‘

DetectorLen 1

Parameter Data |
center x [mm] 0.000000
centery [mm] 12.000000
center z (mm] 0.000000
shape CUBE -
alpha [degree] 0.000000
belta [degree] 0.000000
gamma [degree] 0.000000

a [mm] 10.000000

b [mm) 0.000000

¢ [mm] 11.000000
Coordinate System |Cartesian -
dx [mm]) 0.200000

dy (mm] 0.200000

dz [mm] 0.200000
normal vector x 0.000000
normal vector y 1.000000
normal vector z 0.000000

D 7issue | D Lignt | @recn [ (OHe Parancter

Eeady

Figure 12-8. Delete a CCD detector

DetectorLen 1

Add <CD
DetectorlLen 3 el e

DetectorLen 4

Parameter Data |
center x [mm) 0000000
center y [mm]) 12.000000 .
center z (mm] 0.000000 Lens Flag: NO] =
o o= = No
alpha [degree] 0.000000
belta [degree] 0.000000 YES
gamma [degree] 0.000000 Len Shape : Focus:
a [mm] 10.000000
b [mm] 0.000000
¢ [mm] 11000000
1| Sawe Matrix Tes = Center Position Rotation Angle
Coordinate System [Catesian =1
dx [mm) 0.200000 X mm Alpha :
dy [mm] 0.200000
dz [mm) 0.200000 . .
normal vector x 0.000000 Y- mm Belta :
normal vector y 1.000000
normal vector 2 0.000000 z: ,7 mm Gamma : ’7

Display Setting - DetectorLen 2

H:
G:
B:
Opacity:  —

W Show

1 2588

| 255

| 255
20%

@ Tizene] Qriane] Qeon[Ome racanater|

Shape Parameter Yector

a: mm X

limm
mm v limm
limm

mm Z:

1

o]

Cancel |

Figure 12-9. Set the parameters of lens

d. MC parameter page: see Figure 12-10, we can set the information of absorption
and transmittance matrix in this page.
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i @ e cH e = BR P
OQutput graph: Select spectrum:

x

-~
Absorption Matrix

coordinate system

Cartesian =

Transmittance Matrix
coordinate system

Cylindrical -

Resolution

x-axis |0.100000 mm
y-axis [(0.100000 mm

zaxis |0.100000 mqm =
(rrizaus | (rLi et | @recn| Oime Paramz(err

Eeady mm

Figure 12-10. Set the simulation parameter for MC

e. After modifying all the parameters, click the button B on the toolbar to save
them all.

f. ‘Display Setting’, a function to display various attributes of protracted object is set
in the area of the sidebar in each simulation environment, when left-key strike on the

corresponding object, this area will be the setting of display property of the selected
object, see figure 12-11:
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LeftKidne:

RightKidney
Bone

Data
o.ooooon
4.000000
0000000
o.poooog
0.000000

! 0000000
[eninmes -
3.000000
1.500000
E.noonon

Display Setting -* LefKidney *
R -] 268
G: -| 755
: | 258
Opacity: b B%

% Show Solid display

" @i [ QLo | Qo] K Farmater

Figure 12-11. Set the simulation parameter for MC

R —————————1 &85
: | 258
Where, | iy Seting“Letiiiney™ oy rasents the object selection; & —————1 2ss

represents the setting of color red, green and blue of the selected tissue, source or

ccp; P 47 8% s used to set the clarity of the object, the bigger

percentage, the more opaque the object is. ~ oo 1 SeMASPRY e used to

determine whether to display the object and select the display state in closed or solid.

This Display Setting function is also available in the tissue, light and CCD interface

Step 3 Simulation and Output of MOSE

After we finished the parameters setting, click the menu Run under the menu
Simulation or the button (Lj on the toolbar to start simulation.

After finishing the simulation (see Figure 13), we can choose the output we need.
Here, in the display window, Rotation and zoom in or zoom out operation of the
image can be done by dragging the mouse left key and dragging the mouse right key,
respectively. And dragging the mouse middle key could move the image. Other
buttons are as follows:

e

W' - the button to fold/unfold the sidebar

21



L. ) .
) : the button to reset the coordinate axis

—
4
oy & =) — - = ;
SR EHYSGEY
QOutput graph: ‘Data Original Map j Select spectrum:
x
~
Phantom Surface
Heart
LeftKidney
RightKidney
Bone
Nose
\i) Monte Carlo Simulation Over
Parameter ‘ Data
center x [mm) 0.000000
centery [mm) 4.000000
center z [mm) 6.000000
alpha [degree] 0.000000
belta [degree] 0.000000
gamma [degree] 0.000000
shape ELLIPSOID =
a [mm] 4.000000
b [mm] 2.000000
¢ [mm] 2.000000
v
@ izne | Qi ant | Qoen] (I Paraneter
Ready oM

Figure 13. Simulation is over
a. Output of Simulation Parameter

Select menu Simulation parameter under Output menu, we can save the
parameters, including the tissues, the light sources, the detectors and the simulation
parameter for MC, in the form of standard parameter file (.mse file), which will be
saved into current project folder for simulation in future.

b. Output of simulation results for Monte Carlo

Select menu 3D Simulation Result under Output menu, the absorption matrix,
transmittance matrix and detection matrix of the Monte Carlo simulation could be
saved to the current project folder.

c. Output of 3D Flee Map

Select menu Flee Map under Output menu or  select
Outputgraph: [FleeMap =] jn the first drop down list box on the toolbar, we can
see the Flee Map of this simulation. And we can select the spectrum band

spectrum:[520 ] i the following drop down list box (See Figure 14-1).
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P s NEE

Qutput graph: |Flee Map j Select spectrum: 620 ~
} =
~
PhantomSurface
Heart
LeftKidney
RightKidney
Bone
Parameter ‘ Data
center x [mm) 0.000000
centery [mm) -5.000000
center z [mm) 0.000000
alpha [degree] 0.000000
belta (degree] 0.000000
gamma (degree] 0.000000
shape CTLINDER o
a [mm] 1.000000
b [mm] 1.000000
¢ [mm] 10.000000
v

@ 1izsue| QLicnt| Qo] ONF Peranerer

|Ready

Figure 14-1. Flee map in 3D analytic environment
d. Output of 3D CCD Map

Select menu CCD Map under Output menu or  select
Output graph: |CCD Map =l in the first drop down list box on the toolbar to show
the map on CCD. In the following drop down list box we can choose the spectrum

band spectrum: 620 ~ . The drop down Iist bOX CCD Num: |Detector2 ~ Select the Serlal

number of detector, the order of the serial number is same as the detector in input
parameters: (see Figure 14-2).

23



% Nose — [123-3D Analytic Photon CCD Nap]

<F File Input Output Sinulation Yiew Hindow Help

SVLLHNYNSGR ¥

OQutput graph: ‘CCD Map j Select spectrum: (620 ~| CCD Num: |Detector3 e
~

PhantomSurface

Heart

LeftKidney

RightKidney

Bone
Parameter ‘ Data
center x [mm] 0.000000
centery [mm] 0.000000
center z [mm] 0.000000
alpha [degree] 0.000000
belta [degree] 0.000000
gamma [degree] 0.000000
shape CTLINDEE =
a [mm] 10.000000
b [mm] 10.000000
¢ (mm]) 11.000000

v
@ Tiszue [ QLiehe | Qeon] NC Paraneter

Ready S

Figure 14-2. CCD map in 3D analytic environment
e. Output of 3D Absorption Map

Select menu Absorption Map under Output menu or select
Output graph: |Absorption Map =l in the first drop down list box on the toolbar to
show the Absorption Map of the simulation. We can choose the spectrum band
speanum:[620 +| iy the following drop down list box. The display of the absorption maps
here is layered. Absorption Map of a certain layer can be shown by dragging the slider
of the glide bar. It has two different maps: map in cartesian coordinate and in
cylindrical coordinate . (Figure 14-3,14-4)

Abzorption Nap Setting

" Multiple layers

Setting
Select spectrum: 620 -

Slice plane:

" x-y plane " y-z plane  * x-z plane

Select the number of slice:

|
L 0

Figure 14-3. Interface of setting absorption map in cartesian coordinate
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Absorption Map Setting -

" Multiple layers

Setting
Select spectrum:  |620 -

Slice plane:

* along z-axis " Perpendicular to z-axis

Select the number of slice:

|
L; 0

Figure 14-4. Interface of setting absorption map in cylindrical coordinate

Select Single layer, the absorption map is displayed in single layer model, select

layers in the glide bar -

Select the number of slice:

io1/199

. In cartesian coordinate, X-Y option

means layer selection is paralleling x-y axis, so Y-Z, Z-X means the selection
paralleled y-z and z-x axis in the same way. Selecting the option along z-axis means
that the mode of layer-selecting is spar sampling paralleled to z-axis, selecting the
option Perpendicular to z-axis means that the mode of layer-selecting is ellipsoidal
sampling vertical to z-axis.

Here, there are two kinds of absorption maps: one if them is paralleling to x-y axis
in cartesian coordinate and the other is vertical to z-axis in cylindrical coordinate
(Figure 14-5,14-6)

Qutput graph: |Ah5urptiun Map j Select spectrum: ‘
1 =

Fes T — — N

A
b

ELFLHUVYNSGEY

Light source 1

Absorption Nap Setting

&+ Single layer " Multiple layers max:3.82e-002
*1e-003
Setting
Parametq Select spectrum:  |620 j
center x R
centery Slice plane:
center z @ x-y plane " yzplane  x-zplane
alpha [d
belta [de|
gamma Select the number of slice:
shape
a [mm) Jl S 111219
b [mm]) H
c [mm)
distributis
min:0.00e+000
v
@ Tissne| @Lient | Qren] CINC Paraneter
Ready mm

Figure 14-5.Single absorption map parallel to xy-axis in cartesian coordinate
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Qutput graph: ‘Ahsnrplinn Map j Select spectrum;
Absorption Nap Setting g]
Phan
Hearl + Zingle layer " Multiple layers
Letk gle lay ple lay
Right Setting
£l :3.87e-002
max:3.57 e
Select spectrum: (620 j # e-003
Slice plane: 32.2
Parame " along z-axis  * Perpendicular to z-axis
center X
center o
center 2 Select the number of slice:
alpha i
belta (d - | Ui
gamma
shape
a [mm|
b [mm|
¢ (mm) TT.000000 min:0.00¢+000
v
OTissue]QL;ghtIOEE]] (N Parameter
 Ready _N'UM
Figure 14-6.  Single absorption map Vvertical to z-axis in cylindrical coordinate

Select Multiple layers, the absorption map will be displayed in Multiple layers

model. Set layers in the dialog box v | with the space between

them, then the absorption maps of the layers are appeared, shown in figure 14-7, 14-8
14-9,14-10. Similar to Slice plane.

Abzorption Map Setting

" Single layer

Sefting
Select spectrum: 620 -
Slice plane:
+ v plane " y-z plane " x-z plane

Total number of the slices: 219

Input the number of the slices you need:

Apply

20 7099110 150180 210

[Seperate the numbers with space]

Figurel4-7. Interface of setting multiple layers absorption map in cartesian coordinate

26



Abzorption Nap Setting

" Single layer * Multiple layers
Setting

Select spectrum:  |620 A

Slice plane:

+ along z-axis " Perpendicular to z-axis

Total number of the slices: 99

Input the number of the slices you need:

215 48 76 35| Apply

[Seperate the numbers with space]

Figurel14-8. Interface of setting multiple layers absorption map in cylindrical coordinate

4 Mose — [123-3D Photon Absorption Napl

9F File Input Outpnt Simulation View Hindow Help =
sy & = o S = o
AL RPLHYSIGR"
Output graph: |Absorption Map j Select spectrum:
Phan
Heard " Single layer * Multiple layers
Lefik gle lay ple lay
Right Setting
Bone|
max:3.87e-002
Select spectrum:  |620 - ~ *1e-003
Slice plane: ik 32.2
Parame " along z-axis # Perpendicular to z-axis X
center 4 Total number of the slices: 219
center y
center Z Input the number of the slices you need:
alpha [
belta [d 105080110150 180 210 Apply
gamma
shape [Seperate the numbers with space]
a [mm]
b [mm) .
€ (mm) 11.000000 min:0.00¢+000
v
Ortissue| (DLight | Qoon] (T Paraneter |
Ready

Figure 14-9. Multiple absorption map vertical to z-axis in cylindrical coordinate
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QOutput graph: |Ahsurptinn Map j Select spectrum:

Light source 1

¢

o 8i 1o i
Single layer Multiple layers max:3.82e-002

*1e-003
Setting
1.8
Paramete Select spectrum:  |620 4
center x .
center y Slice plane:
center 2 « xyplane  y-zplane ¢ x=zplane
alpha [d¢
belta [de; Total number of the slices: 219
g::‘lpr:a { Input the number of the slices you need:
a [mm) 1050 80 100 111 150 180 210
b (mm Apply
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distributi

min:0.00e+000

™
@ Tizsue] GLieht| Qroo] (HUC Paraneter

Ready

Figure 14-10. Multiple absorption map parallel to xy-axis in cartesian coordinate

2 Image Processing Project

When image processing was chosen, the corresponding interface appears, which
includes two functions: “Threshold Segmentation” and “Mesh Simplification”.

a Mesh simplification and Output Results

Select Input-Load Data-ply file load .ply or .off file outside, shown in figure 15-1
after loaded:
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4% Nose — [1234-Image Processingl

1L File Mesh Simplification Segmentation Yiew Window Help

Figure 15-1 Display after load ply file

Select Mesh Simplification-QEM Arithmetic, the dialog box of mesh
simplification pops up. Then we can set the target number of mesh, then the result is
shown in figure 15-3:

5et Face Rumber

Current Num:
Taget Num: 200|

Figure 15-2 Dialog for mesh simplification
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P File Mesh Simplification Segnentation View Hindow Help

2 0000™®

Figure 15-3 Result of mesh simplification
Select Output-Mesh Simplification Result, the simplified results will be saved in
the file of ply.
b Threshold Segmentation and Output Results

Select Input-Load Data-raw file load .raw file outside, a parameter setting dialog
for file inputting pops up, as shown in Figurel6-1.Then click the button OK, the
interface appears if file is correctly inputted, shown in Figurel16-2:

Open RA¥ file
Filename | .- -
Information
Width  [600 Pixel interval [0.053 mm
Height  [595 Pixel interval [0.053 mm
Number of slice |b1 Slice interval |p.g mm
Number of channels |1 Data type |unsigned char (8 bits] j
Head length 0
ResolutionAngle |9 ResolutionXYZ |1 mm

Figure 16-1. Dialog for parameter setting
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2 0000

,,
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g

Figure 16-2. Display after input raw file

Select Segmentation—-Threshold Segmentation, the dialog box of setting threshold
pops up (shown in figure 16-3). After setting upper and lower threshold, we will
obtain the threshold segmentation result, shown in figure 16-4:

Set Threshold —

High Threshold |
Low Threshold 1]

Figure 16-3. Dialog for setting threshold
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9 File Mesh Sinplification Segmentation View

20000

Window Help

Figure 16-4. Display for threshold segmentation result
Select Output- Segmentation Result, the results of threshold segmentation will be

outputted in the file of ply.

Appendix C.

The Format of Output Results

1. The file of the absorption result

spectrum 400

3DAbsorption
2.99970e-001

countR 11 countA 360 countZ

3DAbsorptionRAZ

0.00000e+000 0. 00000e+000 0
0. 00000e+000 0. 00000e+000 O,
0.00000e+000 0. 00000e+000 O
0. 00000e+000 0. 00000e+000 O,
0. 00000e+000 0. 00000e+000 0
0. 00000e+000 0. 00000e+000 O,
0. 00000e+000 0. 00000e+000 0
0. 00000e+000 0. 00000e+000 0.
0. 00000e+000 0. 00000e+000 0,
0. 00000e+000 0. 00000e+000 0,
0. 00000e+000 0. 00000e+000 0,
0. 00000e+000 0. 00000e+000 0,
0. 00000e+000 0. 00000e+000 0,
0. 00000e+000 0. 00000e+000 0,
0.00000-+000 0. 0ON00-+000 0

spectrum 400
3DAbosrption

23

. 00000e+000
. 00000e+000
. 00000e+000
. 00000e+000
. 00000e+000
. 00000e+000
. 00000e+000

00000e+000

. 00000e+000
. 00000e+000
. 00000e+000
. 00000e+000
. 00000e+000
. 00000e+000
. 00000e+000

[ R e e e R e O = R = Y = = = e e

00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000000

[ e R e R e e = R e R Y = R N R

. 00000e+000
. 00000e+000
. 00000e+000
. 00000e+000
. 00000e+000
. 00000e+000
. 00000e+000
. 00000e+000
. 00000e+000
. 00000e+000
. 00000e+000
. 00000e+000
. 00000e+000
. 00000e+000
. 00000~+000

P PEpepeelerpPerePrRPR

00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000~+000

/I the center wavelength of the spectrum band

S oLPLLLLRLLRLE L

00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000e+000
00000~+000
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2.99970e-001 /I the total energy of corresponding spectrum band (Watt)

countR 11 countA 360 countZ 23 // the size of the absorption matrix

// The unit of the matrix is W/mm? in 2D, while is W/mm? in 3D environment.
3DAbsorptionRAZ

0.00000e+000 0.00000e+000 0.00000e+000 0.00000e+000 0.00000e+000
0.00000e+000 0.00000e+000 0.00000e+000 0.00000e+000 0.00000e+000

/l data of the matrix

2. The file of the transmittance result

Fpectrum

620

IDTransmittanceSide

8.89840e-001

counts countZ

360 20

3DTransmittanceSidedl

T.19233e-002 T.00232e-002 6. 30366e-002 6.98502e-002 6.6533Te—002 T.68149e-002 T.47553e-002
6.59276e-002 T.5207T5e-002 7.1324%9e-002 6. T7375e-002 6.95952e-002 T.02507e-002 T.37581e-002
6. 66025e-002 5. T5T69e-002 5. 66038e-002 T.3315Te-002 T.45284e-002 6.50071e-002 T. 18405e-002
6.93864e-002 6.43372e-002 6.4418Te-002 6.353309Te-002 T.10104e-002 8. 33816e-002 T.12816e-002
T.74180e-002 T.24065e-002 6.5346%e-002 T.4477de-002 6. 84068e-002 6. T8089e-002 6. §8087e-002
6. 66815e-002 6.91224e-002 6. 86218e-002 8. 68799e-002 T.T7902e-002 6. 00808e-002 T.29118e-002
6. 278862002 5.92126e-002 T7,67275e-002 6. 97743e-002 7.09935e-002 7.55155e-002 7.57063=-002
T.29741e-002 6.4677T0e-002 6. TO363e-002 6. 6T993e-002 7. 255352002 T.58401e-002 8. 36254e-002
T.20805e-002 6.68235e-002 T.36440e-002 T.59133e-002 6. T6546e—002 T.56179%e-002 T.61395e-002
T.20841e-002 T.63066e-002 T.14933e-002 6. 28390e-002 T.548%90e-002 6.21581e-002 6. 36163e-002
T.87846e-002 T.207T0e-002 7.373d4e-002 T.39146e-002 T.10967e-002 8. 17438e-002 6.569T6e-002
T.89846e-002 6.37282e-002 T.T2315e-002 5.643656e-002 T.8673de-002 T.T5934e-002 8. 73230e-002
T.07722e-002 6.13928e-002 7.18168e-002 7.8924Te-002 T. T6880e-002 7.07065e-002 T.60212e-002
7. 8446Te—002 7.51462e-002 7.18118e-002 6. 3751Te-002 T.7237T1e-002 7.48367e-002 5. 90184e-002

spectrum

620 /I center wavelength of the spectrum
3DTransmittanceSide

8.89940e-00 /I the total energy (Watt) of corresponding spectrum band
countA countZ

360 20 /I the size of the matrix

/IThe unit of the matrix is W/mm? in 2D, while is W/mm? in 3D environment.
3DtransmittanceSideAZ

7.19233e-002 7.00232e-002 6.30366e-002 6.98502e-002 6.65337e-002 7.68149e-002
7.47553e-002 7.08378e-002 6.55314e-002 8.05368e-002 7.46624e-002 6.86954e-002
7.42054e-002 6.82968e-002 6.59465e-002 7.60552e-002 7.38552e-002 8.44916e-002

/I data of the matrix
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3. The file of detector result

Spectrum 620

3DDetection 1

1.49110e-002

countY countZ

100 110

JDDetectioniZ

8.20847e-006 8.55013e-006 8.81174e-006 9.0837Te-006 9. 36672e-006 9.66114e-006 9. 96756e-006
8. 32638e-006 8.5T058e-006 B.84282e~-006 9. 11660e-006 9.40143e-006 9. 68783e~006 1.00064e-005
8. 2836Te-006 B8.53645e-006 8. T9942e-006 9.07299e-006 9. 35765e-006 9. 65396e-006 9. 96249e-006
8.18424e-006 8.44661e-006 8. TOTO8e-006 &.97914e-006 9.26232e-006 9.566717e-006 9. 86426e-006
8. 13566e—006 8. 38635e-006 B.64T16e-006 &.91869e-006 9.20117e-006 9.48546e-006 9. 80206e—-006
8. 16282e-006 8.40450e-006 B.6663Te-006 8.93894e-006 9.22274e-006 9.51836e-006 9.826356e-006
8. 16722e~006 8.41976e-0D06 8. A8253e-006 &. 95608e-006 9. 24093e-006 9. 5376Te~006 9. 8468Te-006

spectrum 620 I center wavelength of the spectrum

3DDetection 1 / The Num 1 is the serial number of the CCD.

1.49110e-002 /I the total energy (Watt) of corresponding spectrum band
absorbed by CCD1

CountY CountZ

100 110 /I the size of the matrix

// The unit of the matrix is W/mm? in 3D environment.

3DDetectionYZ

8.29847e-006 8.55013e-006 8.81174e-006 9.08377e-006 9.36672e-006 9.66114e-006
9.96756e-006 1.02866e-005 1.06188e-005 1.09650e-005 1.13257e-005 1.17017e-005
1.20938e-005 1.25029e-005 1.29296e-005 1.33751e-005 1.38401e-005 1.43259e-005

[/l data of the matrix

Appendix D.

FAQ
1. Why the display of the phantom stay unchanged after the parameters have been
modified in the sidebar?

Answer: After modify the parameters in the sidebar, only when clicking the “save”
button on the toolbar could save the parameters meanwhile updating would be
displayed.

2. What is the meaning of different types of absorption matrix and transmission
matrix in the “MC Simulation Parameter’ page of the input parameter dialog box?

Answer: There are two types of absorption matrix: artesian coordinate and cylindrical
coordinate. The difference between them is to define the position of photon be
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absorbed in cartesian coordinate or cylindrical coordinate. The different choice of
coordinate system will lead to different absorption matrix visual effect. The cartesian
coordinate form absorption matrix will display in form of slice of absorption matrix
parallel to X-Y plane. The cylindrical coordinate form absorption matrix will display
in form of slice of absorption matrix parallel to Z axis. Slices need to be observed by
glide bar. The amount of absorb is represented by color. But corresponding color bar
is not been displayed yet.

According to different simulation environment, absorption matrix has different type.
It only has polar coordinate form in 2D simulation environment, but has cartesian
coordinate form and cylindrical coordinate form in 3D analytic and mesh
environment.

Transmission matrix only has polar coordinate form in 2D simulation environment,
cylindrical coordinate form in 3D analytic environment, cartesian coordinate form in
3D analytic and mesh environment.

3. When the program is running, why clicking the left key of mouse is ineffective to
restore up a minimized program window?

Answer: You can restore up the window by clicking the restore menu on the taskbar.

4. In the 3-D mesh simulation environment, what are the meanings of
the“3DTransmittanceMeshFace”and the “3DTransmittanceMesh\ertsx”
respectively?

Answer: “3DTransmittanceMeshFace” represents the emitted flux density (W/mm?)
of each triangular mesh face. “3DTransmittanceMeshVertex” represents the emitted
flux density (w/mm?) of each triangular mesh vertex. The former is the ratio between
the total weight of photons that emitted from the triangular mesh face and the area of
the triangular mesh, the later is the ratio between the total energy and total area of
triangular mesh which exists in the intersectant parts of the point, and the order of the
results of the “3DTransmittanceMeshVertex” conforms to that of the vertexes of the
outer tissue of the phantom.

5. The progress bar would shade the image of the original simulation data and make
the user couldn’t observer the data, how to handle this problem?

Answer: When the MOSE running, the progress bar is in the center of the window of
MOSE all the time and can’t be moved to other places, but the user could move the
image of the original simulation data by the left button, right button and middle button.
Moving the mouse after depressing the left button could rotate the image, or the right
button could zoom in\out the image, or the middle button could move the image in the
window.

6. Why the process of MOSE still exists in the task manager when the error appears in
some situation when running and the MOSE is closed?

Answer: Because the MOSE is still in the development. It have some bugs that can’t
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be avoided in MOSE and that can make the execution abort unexpected, and this
caused that the memory of the MOSE isn’t released correctly. So the process of
MOSE still exists in the task management. We would solve this problem gradually in
the subsequent versions.

7. In the 3-D mesh simulation environment, why the error still happens in reading the
simulation parameters file (.mse) when the path of the file representing the tissue
shape is right?

Answer: Maybe the reason is that the path of file contains blank or some other illegal
character that can’t be identified by the computer. You need to set the path of the
shape file in the “Tissue Parameter’ page or ‘Light Source Parameter’ page.
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