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Introduction

In an attempt to reduce the time spent on writing scripts to initialize simple phantoms, I have created a simple scripting language intended to make the phantom generation more robust and accessible.
A script file is a text file with a .pha extension. It is composed of entries of the following form:

Begin

data here
End

Begin

data here
End

. . . 

Each begin-end pair describes a particular assembly of spins with particular properties. The following pages detail these properties.

Lines that begin with a # are treated as comments and are ignored.

Lowercase/uppercase variations are ignored.

General Properties

If any of these properties is undetected, a default value will be used.

	Property
	Values/Range
	Units
	Default
	Description

	Type
	‘cube’
‘sphere’

‘image’
	
	‘cube’
	

	Offset
	
	mm
	0, 0, 0
	Position of center of phantom.

	Size
	
	mm
	10, 10, 10
	Size of phantom along each dimension. If a particular dimension only contains one spin, its corresponding size will be ignored. Note this field may take up different meanings depending on type.

	NumberOfSpins
	
	
	1, 1, 1
	Triplet of integers. Number of spins in each dimension. Note that zeros are not allowed. Note this field may take up different meanings depending on type.

	ChemicalShift
	
	kHz
	0
	Chemical shift for all spins.

	T1
	
	ms
	1000
	Longitudinal relaxation of spins

	T2
	
	ms
	100
	Transverse relaxation of spins

	M0
	
	a.u.
	1
	Equilibrium value of the magnetization (M0, as it appears in the Bloch equations with relaxation).

	EulerAngles
	
	degrees
	0,0,0
	Rotation of entire object as a rigid body about its center, using the specified Euler angles:
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Cube Properties
The cube doesn’t have any additional properties other than the general ones. Their intepretation is illustrated below.


 
Sphere Properties

For the sphere, the size property takes the meaning of a diameter. Unequal diameters will produce an ellipse. The number of spins along a particular axis will determine the number of spins along the diameters, as drawn along the X, Y and Z axes. 

The sphere has no additional properties other than the general ones.




Image Properties
To facilitate the inclusion of complex structures, the scripting language can load any image file MATLAB can load (jpg, bmp, png, etc) and use its grayscale values (0-255) to scale any one of the properties
Currently this feature is not implemented.

Examples
Here is a script defining the NYU partition phantom (at least a simplified version of it!). Each slab is about 1 cm thick.

# Topmost slab (cs = -0.3 kHz)

begin

type=cube

offset = 0, 0, 15

size = 10, 10, 10

numberofspins = 1, 1, 50

chemicalshift = -0.3

end

# Next slab (cs = -0.1 kHz)

begin

type=cube

offset = 0, 0, 5

size = 10, 10, 10

numberofspins = 1, 1, 50

chemicalshift = -0.1

end

# Next slab (cs = 0.1 kHz)

begin

type=cube

offset = 0, 0, -5

size = 10, 10, 10

numberofspins = 1, 1, 50

chemicalshift = 0.1

end

# Next slab (cs = 0.3 kHz)

begin

type=cube

offset = 0, 0, -15

size = 10, 10, 10

numberofspins = 1, 1, 50

chemicalshift = 0.3

end

MATLAB Routines

To interface with the .pha files and with phantoms in general, the following routines are available to the end user.
LoadPhantomFromFile
Loads a .pha file into a phantom structure (see below)

SavePhantomToFile

Saves a phantom structure (see below) to a .pha file.

DrawPhantom


Plots the phantom in 3D.

PhantomToSpins
Converts the phantom structure to a spin structure for 


simulation purposes

Phantom Structure

The following MATLAB structure is used to store the phantom data.

Each part of the phantom (i.e., each part between a begin-end pair) is stored in a different cell. Each cell has the following fields, corresponding to the property fields:

type

Type of current part. String.
offset

Offset of center, in mm. 1x3 vector.

size

Size of phantom, in mm. 1x3 vector

numSpins
Number of spins along each axis. 1x3 vector.

chemShift
Chemical shift of spins. A number.

T1

Longitudinal relaxation, in ms.

T2

Transverse relaxation, in ms.

M0

Equilibrium value of spins, in arbitrary units.

eulerAngles
A 1x3 vector containing the Euler angles, in radians.
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