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Abstract

Monte Carlo (MC) simulation technique was used widely in medical physics applications. 

In nuclear medicine MC was used to design new medical imaging devices such as positron 

emission tomography (PET), gamma camera and single photon emission computed tomography 

(SPECT). Also it can be used to study the factors affecting image quality7 and internal dosimetry . 

GATE is one of Monte Carlo code that has a number of advantages for the simulation of SPECT 

and PET.

There is a limit accessibilities in machines which are used in clinics because of the work 

load of machines. This makes it hard to evaluate some factors effecting machine performance 

which must be evaluated routinely. Also because of the difficulties of carrying out scientific 

research and training of students, MC model can be optimum solution for the problem.

The aim of this study was to use Gate Monte Carlo code to model Nucline Spirit, Mediso 

dual head Gamma Camera hosted in Radiation and Isotopes Center of Khartoum which is 

equipped with low energy general purpose LEGP collimators. This was used model to evaluate 

spatial resolution and sensitivity which is important factor affecting image quality and to 

demonstrate the validity of Gate by comparing experimental results with simulation results on 

spatial resolution.

The Gate model of Nucline Spirit, Mediso dual head Gamma Camera was developed by 

applying manufacturer specifications. Then simulation was run. In evaluation of spatial resolution 

the FWHM was calculated from image profile of line sources of Tc 99m gammas emitter of energy 

140 KeV at different distances from modeled camera head at 5, 10, 15, 20, 22, 27, 32,37cm and 

for these distances the spatial resolution was founded to be 5.76, 7.73, 10.7, 13.8, 14.01, 16.91, 

19.75 and 21.9 mm; respectively. These results showed a decrement of spatial resolution with 

increase of the distance between object (line source) and collimator in linear manner. FWHM 

calculated at 10cm was compared with experimental results. The variation was found to be 13 %. 

In the study to evaluate sensitivity of the modeled camera, circular radioactive sources with radius 

of 2.5cm and 5 cm of Tc 99m gammas of energy 140 KeV , 2.7mCi were used. Each of these 

sources was adjusted at distances of 10,15,20 cm; respectively. The results varied between 11.304 

CPS/pCi at 10cm to 11.268 CPS/pCi at 20cm for source with radius 2.5 while for source with 

radius 5 the variation was between 11.258 CPS/pCi at 10cm to 11.232 CPS/pCi at 20cm. These



results show a decrement of sensitivity with increase of the radioactive source radius and distance 

from collimator.

The results demonstrate that the modeled camera is valid and it can be used in many 

applications such as evaluation of machine performance, internal dosimetry, research tool and 

training of students.
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5, 10, 15, 20, 22, 27, 4 a h i - oli_— ^  140 kev IajJ3 4ilki Ldi Aj«_j,V aj&IJI <uki2l jji\.,^41

o ^ l p l l  ^Jo 5.76, 7.73, 10.7, 13.8, 14.01, 16.91, 19.75 21.9 mm tS»US V ' < -^ j  32,37cm *» **
ciuj Ljaul. A-iIaa. ajj—aj collimatorj jA^ucll AiL̂ all ailjjj J& spatial resolution j l  -laj

. %13 I 1Jj -̂9̂ 5 J  A-Aac. ^ljLUj 10cm A-Sl___uu ^3c. 1 gjlr- (J---- -̂azxILall FWHM ^jj'3a

2.5, 5 cm jUail i_sL^aj\j <jjjG 1̂ ^"i.,il sensitivity ^33

10cm 4iLuox 11.304 CPS/pCi C& jutij lOjlS^Ocm^^-o
++

Uii 5 cm Jo i  U u ^ l U1 2.5 cm > 5  O ^ j  Aj-ilU 20cm 4i’u—  ^  11.268CPS/pCi J l

j l  gStiil! ^ . 20cm Ail— 11,232CPS/pCi 10cm aaI—  ^ 1 1 ,258CPS/pCi

. collimator jlaS i_i-su Sjlijj

is®
M

. L_JjjJollj -̂clatJl C-taJl (>J?3 aAŝ ILaU ĵl txS tCjlc^adl -̂Li.l-111 j  J)lg_aJl .̂l-il
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Chapter One: Introduction

1.1 Introduction

Monte Carlo simulation technique was used widely in medical physics application; 

because it gives high level of accuracy by using statistical method to simulate interaction 

process and tracking the particle and, also it can be used to design new medical imaging 

device. Monte Carlo modeling has been carried out by various simulation codes.

In nuclear medicine Monte Carlo (MC) simulation studies are today an essential tool in 

a number of applications in area of emission tomography. Such applications for both single 

photon emission tomography (SPECT) and positron emission tomography (PET) include, 

among others, optimization of system design for new scanners, study of factors affecting 

image quality, validation of correction methodologies for effects such as scatter, attenuation 

and partial volume, as well as development of new reconstruction algorithms. Also use in 

internal dosimetry.

1.2 Literature review

Monte Carlo techniques have become important in different areas of medical physics 

over the last 50 years to many factor include the improved description of radiation transport 

as well as the optimization of the computing systems [1]. Monte Carlo techniques simulate 

the random trajectories of individual particles by using machine-generated (pseudo-)random 

numbers to sample from the probability distributions governing the physical processes 

involved [2], The main advantage that all known physical interactions can be modeled fairly 

well. And it is practical for most applications also it can be utilized for general geometries 

in 1-D, 2-D, and 3-D [3],

Monte Carlo modeling has been carried out by various simulation codes such Geant4 

[4], EGSnrc[5], MCNP[6] , Gate[7], PENELOPE [8] , and dedicated codes such as 

SIMIND[9], SimSET[10], SimSPECT[l 1], PETSIM[12], especially designed for Single 

Photon Emission Computed Tomography (SPECT) and Positron Emission Tomography 

(PET). GATE is a Monte Carlo simulator based on Geant4 libraries, providing a scripting
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interface with a number of advantages for the simulation of SPECT and PET systems.
W  *

including the description of source decay phenomena, moving detector components and time 

management. Since the code is based on Geant4, it profits from the validation of the 

underlying physics components including testing from a very large scientific community. At 

the same time, the scripting interface provides a convenient platform for most of the users 

to create their own simulations of emission tomography experiments and complicated 

emission tomography system designs.

Many Studies used Monte Carlo techniques in medical physics parts such as radiology, 

radiotherapy, nuclear medicine, Radiation protection. In x-ray mammography the “Lubberts 

effect in columnar phosphors was studied [13], also granular phosphor screens ‘was modeled 

by Monte Carlo methods [14]. In addition Monte Carlo simulation was used to primary 

electron production inside an a-selenium detector for xray mammography [15]. In x-ray 

monte carlo was used to study x-ray fluorescence in x-ray detectors[16], also it is used to 

determined X-ray efficiency and modulation transfer function of fluorescent rare earth 

screens[17] . In computed tomography Monte Carlo treatment planning was used to study 

Sensitivity for CT image [18]. Moreover Monte Carlo was used to study Characteristics of 

kilovoltage x-ray beams used for cone-beam computed tomography in radiation therapv[19], 

more recently study present a major enhancement of the GATE simulation platform enabling 

modelling of CT and radiotherapy[20].

In radiotherapy Monte Carlo code use in treatment planning and dose calculation [21, 

22, 23, and 24]. many studies related radiotherapy used Monte Carlo method such as studies 

of x-ray energy absorption and quantum noise in megavoltage transmission radiographv[25], 

and optimization of metal/phosphor screens at megavoltage [26], also Monte Carlo was used 

to simulations of the imaging performance of metal plate/phosphor screens used in 

radiotherapy[27].

In Nuclear Medicine many studies used Monte Carlo code such as detector modelling 

and systems design for PET or SPECT, image correction and reconstruction techniques, 

internal dosimetry). Many Monte Carlo code used in Nuclear Medicine Gate code is design 

specially for in Nuclear Medicine we focus on studies use Gate and Geant4 code which it 

used in our study.
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Number of paper present advantages and disadvantages of the different types of Monte 

Carlo codes used currently available for SPET and PET, in addition to current trends 

concerning Monte Carlo simulations in SPECT and PET [28, 29], Also the development of 

GATE and the applicability of GATE Monte Carlo simulation platform for radiation therapy 

and dosimetry applications are present, many applications of GATE for state-of-the-art 

radiotherapy simulations are described including external beam radiotherapy, 

brachytherapy, intraoperative radiotherapy, hadrontherapy, molecular radiotherapy, and in 

vivo dose monitoring. Investigations that have been performed using GEANT4 only are also 

mentioned to illustrate the potential of GATE. The very practical feature of GATE making 

it easy to model both a treatment and an imaging acquisition within the same framework [30,

31].

Several validation studies of GATE for the modeling and simulation of different SPECT 

[32 ,33 ,36 ,38], and PET [32,33 ,34 ,39 ] ,  this modeling machine can be used as a tool to 

assist SPECT and PET research and developments and a number of conventional SPECT 

and PET scanners. Also some studies propose a parallel computational model for GATE 

simulation and extend the GATE to support simulations of optical imaging, such as 

bioluminescence or fluorescence imaging, and validate it against the MC for multilayered 

media standard simulation tool for biomedical optics in simple geometries [35, 37], In the 

following ,the researcher presents an important study which has a strong related with his 

present study, fist one conducted by S. Rodrigues, et al [40] Present the simulation of the 

Siemens E.Cam Dual Head gamma camera installed in the Nuclear Medicine service 

of Cardiovascular Intervention Unit, located at Hospital Particular do Algarve (Algarve 

Private Hospital) in Alvor, Portugal. This gamma camera is used for planar and SPECT 

clinical imaging, and the aim of the present work is to use Monte Carlo simulation to 

check on some of gamma camera characteristics announced by the manufacturer. Also 

Mehdi Momennezhad* Ramin Sadeghi* Shahrokh Nasseri [41], use and validate GATE for 

simulating a Siemens E.Cam gamma camera. A dual-head gamma camera was used for 

modeling with GATE. Each head consisted of a collimator, aluminum layer, crystal, and 

head shielding. The back compartment consisted of photomultiplier tubes and electronic 

circuits behind the crystal. The photoelectric effect and Compton and Rayleigh scatter were 

included in the gamma transport process. The simulation validity was examined by
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comparison of measured parameters with calculated data including the energy spectrum, 

energy, spatial resolution, and sensitivity.

In this study the researcher uses Gate Monte Carlo code to simulate dual head gamma 

camera Nucline Spirit, Mediso Mediso Dual Head Gamma Camera host in Radiation 

isotopes center and make two experiment first one Evaluation of spatial resolution. The 

second one Evaluation of sensitivity experiment. Finally the researcher compares some 

simulation result with real result (practical result).

1.3 Statement of the problem

In medical imaging investigation it very important to optimize image quality and 

minimize patient dose. Improved image quality can be obtained by designing medical 

imaging systems of improved imaging characteristics. The overall efficiency of a medical 

system can be assessed by the evaluation of a series of factors that play crucial role to the 

imaging performance such as the physical properties and the geometry of the detector. This 

factor must be evaluated as periodically, some time is hard to examine all this factor because 

the work load of machine limit access to it also the tools that used for evaluation is not 

available all the time so Monte Carlo can is optimum solution for the problem by using 

Monte Carlo code to model the machine and simulate the examination by setting accurate 

parameter to obtain accurate measurement. Also it can be used to simulate exposure and 

calculate the result of absorbed dose so it can use in internal dosimetry and other issues of 

research.

1.4 The methodology to solve problem

The researcher uses Gate Monte Carlo code to simulate NUCLINE SPIRIT, Mediso 

dual head gamma camera machine host in Radiation isotopes center of Khartoum (RICK). 

Gamma Camera equip with low energy general purpose collimator (LEGP) then this model 

was used to evaluate sensitivity and spatial resolution and examine the effect of distance on 

spatial resolution this by calculation spatial resolution at varies distance. Also the effect of 

distance and diameter of hole source on sensitivity were studied. The simulation results were 

compared with values of actual result.
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1.5 Expected outcom es

The main expected outcomes is model of Nucline Spirit. Mediso cluai heaa gumma

camera, this model can be as research tool for different areas of nuciear medicine ima u ' 'it?
t -4 . *  *  i

such as detector modelling and systems design: image correction ana reconsiructmn

techniques; internal dosimetry : optimization of acquisition protocols: this m addition ; 

possibility for using this model for training purpose.

i .

1.6 Thesis outline

This study consists of five chapters: Chapter one includes the introduction. Literature 

review. Statement of the problem, the methodology’ to solve problem, expected outcomes. 

Chapter two theoretical background included Nuclear Medicine imaging, component 01 

gamma camera, Monte Carlo for radiation transport. Monte Carlo codes .digital image 

processing . Chapter three presents the materials and methods. Chapter four presents the 

results and discussion. Chapter five presents conclusion and recommendation anc 

references.

6



Chapter Two: Theoretical Background

7



Chapter Two: Theoretical Background

2.1 Nuclear medicine imaging

The clinical practice of nuclear medicine involve the administration of trace 

amounts of compounds labeled with radioactivity (radionuclides) that are used to provide 

diagnostic information of disease states . Radionuclides also have some therapeutic uses, 

with similar physics principles,

Nuclear medicine study involves injecting a compound, which is labeled with a 

gamma-ray-emitting or positron-emitting radionuclide, into the body. The radiolabeled 

compound is called a radiopharmaceutical, or a tracer. When the radionuclide decays, 

gamma rays are emitted. An external, gamma-ray camera can detect the gamma rays or 

photons and form an Image of the distribution of the radionuclide.

There are two broad classes of nuclear medicine imaging. The first class is photon 

imaging which includes gamma camera and single photon emission computed tomography 

SPECT which it gamma camera with tomographic image acquisition. Photon imaging uses 

radionuclides that decay by gamma-ray emission. A planar image is obtained by taking a 

picture of the radionuclide distribution in the patient from one particular angle (gamma 

camera) This results in an image with little depth information, but which can still be 

diagnostically useful .For the tomographic mode of single photon imaging (SPECT), data 

are collected from many angles around the patient. This allows cross-sectional images of the 

distribution of the radionuclide to be reconstructed, thus providing the depth information 

missing from planar imaging (gamma camera).

The second class is positron imaging include positron emission tomography (PET). 

Positron imaging uses radionuclides that decay by positron emission. The emitted positron 

has a very short lifetime and, following annihilation with an electron, simultaneously 

produces two high-energy Photons that subsequently are detected by an imaging camera. 

Once again, tomographic images are formed by collecting data from many angles around the 

patient, resulting in PET images.
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2.2 Components of Gamma Camera

There are many type of gamma camera uses clinically such as camera with single head whole 

body dual head whole body, also cameras design for specific organ. In the following 

paragraphs we discuss the main component of gamma camera , the collimator and detection 

system and electronics which consist of( crystal ,light guide ,PMT ,ADC , computed X-Y 

locations) and their function [43], as show in Figure 2-1

Figure 2.1: Components of gamma camera [43].

Collimators : To obtain an image with a gamma camera, it is necessary to project y rays 

from the source distribution onto the camera detector. Gamma rays cannot be focused. 

Therefore most practical y-ray imaging systems employ the principle of absorptive 

collimation for image formation. An absorptive collimator projects an image of the source
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distribution onto the detector by allowing only those y rays traveling along certain 

directions to reach the detector.Gamma rays not traveling in the proper direction are 

absorbed by the collimator before they reach the detector.Four basic collimator types are 

used with the gamma camera: pinhole, parallel-hole, diverging, and converging.

A pinhole collimator consists of a small pinhole aperture in a piece of lead, tungsten, 

platinum, or other heavy metal absorber. The pinhole aperture is located at the end of a 

lead cone, typically 20 to 25 cm from the detector. Pinhole collimators are used primarily 

for magnification imaging of small organs (e.g., thyroid and heart) and for small-animal 

imaging.

The parallel-hole collimator is common type of collimators. Parallel holes are drilled in 

lead or are shaped from lead foils. The lead walls between the holes are called collimator 

septa. Septal thickness is chosen to prevent y rays from crossing from one hole to the next. 

Collimator projects a y-ray image of the same size as the source distribution onto the 

detector. It can be positioned closer to the patient for better image detail in some imaging 

studies, most scintillation cameras are provided with a selection of parallel-hole 

collimators with different septal length and thickness, according to the necessary 

specifications. These may include: low-energy, generalpurpose (LEGP), low-energy, high- 

resolution (LEHR) (with a few tenths of a millimetre septal thickness and used to a 

maximum of energy of 150keV), medium energy, general-purpose(MEGP) (with few 

millimeter’s septal thickness and used for energy up to 300keV), high-energy, general- 

purpose (HEGP) used for ultrahigh-energy collimators.

A diverging collimator has holes that diverge from the detector face. The holes diverge 

from a point typically 40-50 cm behind the collimator, projecting a minified, non-inverted 

image of the source distribution onto the detector. The degree of minification depends on 

the distance from the front of the collimator to the convergence point. A typical diverging 

collimator decreases the size of the image on the detector and increases the diameter of the 

imaged area as with the pinhole collimator, image size changes with distance; thus there is 

a certain amount of image distortion. Diverging collimators are used primarily on cameras 

with smaller detectors to permit imaging of large organs such as the liver or lungs on a single 

view.

10



A converging collimator has holes that converge to a point 40-50 cm in front of the 

collimator. For objects between the collimator face and the convergence point, the 

converging collimator projects a magnified, noninverted image of the source distribution 

.Converging collimators project an inverted magnified image when the object is located 

between the convergence point and twice the convergence length of the collimator, and an 

inverted minified image beyond that distance.

One consequence of the magnification or, minification effects of these collimators is that 

the contribution of the intrinsic detector resolution to the resulting image resolution may be 

reduced (magnification > 1) or increased (magnification < 1). Thus magnifying collimators 

can be useful in situations in which high spatial resolution is required, for instance in imaging 

of small organs such as the thyroid and in small-animal imaging applications [43].

Detector System and Electronics: The gamma camera employs a single, large area, 

Rectangular Nal (Tl) detector crystal, usually 6- to 12.5-mm thick with sizes of up To 60 * 

40 cm... The Nal (Tl) crystal is surrounded by a highly reflective material such as Ti02 to 

maximize Light output and hermetically sealed inside a thin aluminum casing to protect it 

from moisture. An optical glass window on the back surface of the casing permits the 

scintillation light to reach the PM tubes.The choice of thickness of the Nal (Tl) crystal is a 

trade-off between its detection efficiency (which increases with increasing thickness) and, 

its intrinsic spatial Resolution (which deteriorates with increasing thickness). Most general- 

purpose gamma Cameras have crystal thicknesses of approximately 9.5 mm. An array 

of PM tubes is coupled optically to the back face of the crystal with a silicone based adhesive 

or grease. Round PM tubes are arranged in a hexagonal pattern to maximize the area of the 

Nal (Tl) crystal that is covered. Some cameras use hexagonal (or square) cross-section PM 

tubes for better coverage of the Nal (Tl) crystal. Typical PM tube sizes are 5 cm in diameter. 

Most modem cameras employ between 30 and 100 PM tubes. The PM tubes are encased in 

a thin magnetic shield to prevent changes in the gain caused by changes in the orientation of 

the gamma camera relative to the earth’s magnetic field. The ultra-sensitivity of PM tubes 

to magnetic fields also makes gamma cameras susceptible to the stray fields from magnetic 

resonance imaging systems. The plastic light guides was employ between the detector crystal

11



and PM tubes, whereas others couple the PM tubes directN to the ;r\ siai. i  I
" i

. i i  I  V  -  >

of the light guide are to increase the light collection eff ic ient. n\ channeling >mmmuu 

light away from the gaps between the PM tubes, and to impro\e me unitorm;t\ i A  b 1 L

collection as a function of position. The latter effect is achieved o> painting etcn urn LA

carefully designed pattern onto the entrance face of the light guide 1 he as e oftne PM :e:V' 

with hexagonal or square cross-sections that can be tiled w ithout gaps on the Xal . . 

crystal mav in some cases allow elimination of the light guide. assuming there is sufficient 

spreading of the scintillation light in the glass entrance window of the PM tube lor accurate 

positioning. The detector crystal and PM tube array are enclosed in a iight-tight. leau-lmcu 

protective housing. The electronics (such as preamplifiers, pulse height anaozero, 

automatic gain control, pulse pile-up rejection circuits and ADCs) are mounted direct!) on 

the individual PM tube bases w ithin the detector housing to minimize signal distortions that 

can occur in long cable runs between the detector head and control console. The amount ol 

light detected bv a particular PM tube is inversely related to the lateral distance between tne 

interaction site and the center of that PM tube. The relationship betw een signal amplitude 

and location wuth respect to the center of a PM tube w ould be linear. This would enable the 

position of an event to be determined by taking a weighted average or centroid of the PM 

tube signals using the simple relationships. In practice, however, the response is more 

complex, w ith a plateau directly beneath the PM tube (because the PM tube is not a “point"

detector) and long, flat tails caused by reflections of light from the back and side surface 

the Nal (Tl) crystal. Therefore a calibration for spatial nonlinearity is required [41 ].

hi

The position is determined by splitting the signal from each PM tube onto tour output lines, 

whose signals are denoted XT XT YT and YT The fraction of The PM tube current that goes 

to each output line is determined by the value of the resistors (R) that are used B\ ( >hmT 

law7, this current is proportional to 1/R. A separate circuit sums the outputs of all the PM 

tubes to form the Z-signal. The Z-signal is proportional to the total amount of light produced 

bv a scintillation event in the crystal, and therefore the total energy deposited b\ the gamma 

ray. and is used for pulse-height analysis. The X*. X T Y~ and Y signals are combined u 

obtain X" position and Y'position signals. The X-position of the scintillation e\ent is goer

by the difference in the X~ and X signals, divided by the total X signal (X X
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X = (X + - X")/ (X + + X") (2-1)

Similarly, for the Y-position

Y = (Y+- Y") / (Y++ Y~) (2-2)

The X- and Y- position signals are normalized to the total X and Y signals, so that the 

calculated position of interaction does not depend on the pulse height. The possible range of 

X and Y values is from -1 to +1. The resistor values were chosen such that the calculated 

X- and Y-position signals vary linearly with distance in the X and Y directions. In a perfect 

gamma camera, measured (X, Y) values would change linearly from (— 1, -1) in the bottom

left-hand comer to (+1, +1) at the top right-hand comer of the camera face. The X and Y

values can be scaled by the detector size to determine the absolute position of an event on 

the gamma camera face. Equations 2-1 and 2-2 do not give a perfect mapping of source 

position because, the PM tubes signal does not actually vary linearly with interaction 

position. This gives rise to a "pincushion” artifact. There are also effects caused by non

uniformities in the crystal, light reflections at the edge of the crystal, and non-uniform 

response across the face of the PM tubes that can cause further nonlinearities in position 

determination. These effects and correction techniques for them.

In digital cameras, the output signal from each PM tube is digitized and the event position is 

calculated in software. Often, this is simply analogous to the resistor readout described 

earlier; the inverse of the resistor values are used as weighting factors for the individual PM 

tube signals. However, digital cameras also can use more sophisticated algorithms that 

incorporate information regarding the nonlinearity of PM tube response with position into 

the weighting factors to provide better positioning accuracy.

A commonly used tactic that is employed in both digital and analog cameras to improve 

the positioning accuracy is to include in the position calculation only PM tubes with signals 

above a certain threshold. This has two important benefits. By using the signal only from 

those PM tubes that produce a significant pulse amplitude, the noise from the PM tubes that 

produce negligible signal amplitude (and that therefore contribute little to position 

information) is not included in the position calculation. Second, with signal thresholding,
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only a small number of PM tubes surrounding the interaction location are used for position 

determination. This allows a gamma camera to detect multiple events simultaneously when 

they occur in different portions of the gamma camera and their light cones (the projection of 

the scintillation light on the PM tube array) do not significantly overlap. This improves the 

counting rate performance of the gamma camera, reducing dead time losses.

Energy selection is important for imaging because it provides a means to discriminate 

against y rays that been scattered within the body and therefore lost their positional 

information.By choosing a relatively narrow pulse height analyzer window that is centered 

on the photopeak, only y rays that undergo no scatter or small-angle scatter will be accepted.

Two different methods can be used to select the photopeak events. The first approach 

uses simple energy discrimination on the Z-signal. However, because of nonuniformities 

in the Nal (Tl) crystal (small variations in light production with position), in light collection 

efficiency and in PM tube gains, the position of the photopeak varies somewhat from 

position to position in the detector. If a single discriminator level is applied across the whole 

detector, the window must be widened to accommodate the fluctuations in photopeak 

position, thus accepting more scatter. In the second method, suitable only for digital cameras, 

the photopeak positions and appropriate discriminator level settings are computed and 

stored for many different locations across the detector face. When an event is detected, the 

X, Y values are calculated based on Equations 2-1 and 2-2, and a look-up table is used to 

find the appropriate discriminator levels for that location. If the event amplitude Z falls 

within the pulse-height analyzer settings, the event is accepted. A modem gamma camera 

has an energy resolution of 9% to 10% at 140 keV (Tc"m). Typically, the energy 

window (the difference between upper-level and lower-level discriminators) is set to 14%, 

or 20 keV, centered around 140 keV. The gamma camera software adjusts the discriminator 

levels for radionuclides other than " mTc based on the relationship (approximately linear over 

a small energy range) between the y-ray energy deposited and the light output of Nal (Tl)

[41].
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2.3 Monte Carlo sim ulation of radiation transport

Monte Carlo methods are numerical methods that are described as statistical sim^uit

methods [43. 44]. They have been extensively applied to simulate processe ' \ ; | V *
i  4 ' i  V . ■ ,

random behavior and to quantify physical parameters that are difficult or ev en impOSS; Pie

calculate by experimental measurements [45]. In the context of radiation transport, xk-nte

Carlo techniques are those which simulate the random trajectories of maiv iduai partite "S \

using machine-generated pseudo-random numbers to sample from the prooun: u:y 

distributions governing the physical processes involved. By simulating a large numtvr :

histories, information can be obtained about average v alues of macroscopic quantitie • h
i  ;

as energy deposition [2]. Monte Carlo methods are very useful for complex problems mat 

cannot be modelled by computer codes using deterministic methods [45], The main element 

of Monte Carlo code is The probability7 density functions (pdf) which described the phv sieai 

system; Random number generator ; Sampling rule which it a describe sampling of tr.e 

specified parameter of interest : Error estimation ; Variance reduction techniques to recuse 

variance in the estimated solution to reduce the computational time for Monte Carlo 

simulation and Parallelization and vectorization algorithms to allow Monte Carlo method^ 

to be implemented efficiently on advanced computer architectures .

For radiation transport problems the computational model includes geometry ana 

material specifications. Every computer code contains a database of experimentally obtained 

quantities, known as cross-sections, which determine the probability of a particle interacting 

with the medium through which it is transported. A model based on Monte Carlo technique 

may facilitate the study of signal transfer, since particles (photons, electrons, light quanta 

are tracked separately. In particular, information that can be determined only by .Monte Car; 

methods may include radiaton effect and Electron transport effect photon transport.

s

v

By using Monte Carlo method virtual experimental set-ups can be employed. Thus, y 

changing several parameters, optimized medical imaging systems can De achieved witnou 

the cost requirements of the experimental set-up..
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Photons transport

As photons traverse a medium, they are scattered or absorbed by one of several processes 

[51]. In most cases, an energetic electron is produced. These interactions include the 

Compton (incoherent) interaction, in this case, a gamma-ray photon collides with an atom 

producing an energetic electron and a scattered photon of lower energy. The Compton 

interactions dominate other photon interactions in the 200 keV to 20 MeV energy range, The 

scattered photon energy hv and the kinetic energy of the Compton electron Ek are given as 

follows:

hv = h v -------------l + f (1-COS0) and Ek e ( l - c o s 8 )
1 + £(1-CO50)

Where

hv = incident photon energy 

6 -  scattered photon angle

fl Vs = incident photon energy. (£ = ------ ) where m e is electron rest mass and c is speed of
C

light.

In Coherent (Rayleigh) scattering Photons interact with all the electrons in an atom 

collectively via the Rayleigh interaction. It has a larger cross section than incoherent 

scattering particularly for low energy photons and high-Z materials. Because the energy loss 

to the photon is slight and the scattering angle small. The photoelectric interaction (also 

called photo-ionization) Here photons interact with the inner shells of atoms in the solid and 

eject a photoelectron with a kinetic energy Ek given as

Ek = hv -  Eb (2-4)

Where hv the incident photon energy and Eb is is the binding energy of the electron

Depending on the inner shell involved, the electrons are called K-, L- and M-photoelectrons. 

Their energy is equal to the energy of the incoming photon less the binding energy of the 

inner shell. The K-shell photoelectric interaction varies with atomic number Z and photon 

energy E as Z4/E3 and is dominant in medium-to-high Z materials below 200 keV. In
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electron- positron pair production. Photons with energy of at least twice the electron rest 

mass are able to create electron positron pairs with a combined kinetic energy equal to hu- 

2mec2 where (me) is electron rest mass and 2mec2 = 1.02 Mev . This process becomes 

increasingly important above 2 MeV and is the dominant interaction above 30 MeV. This is 

another mechanism by which photons produce electrons.

The probability of occurrence of a certain kind of interaction depends on its relative 

contribution to the total cross section. The probability of photon interaction can be 

expressed in terms of the linear attenuation coefficient p, which indicates the fraction 

of incident photons that will interact per unit thickness of the attenuating medium

Gphotoelectric  T  Gcompton  +  Gpair_production  T  Grayleigh

Where

Gphotoelectric  ? Gcompton  , Gpair_production s Grayleigh

are cross sections for photoelectric effect, Compton scattering, pair production and 

Rayleigh scattering respectively. The contribution from photonuclear interactions is often 

excluded. The inverse of p is the mean free path L in units of length.

A = -  (2-6)

It indicates the average distance traveled by a particle before undergoing an interaction. The 

exponential nature of photon attenuation can be represented by:

N = No e~»x (2-7)

Where N is the number of photons transmitted through a medium of thickness x with No 

incident photons. Since p depends on the material density, it is often scaled by the mass, 

atomic, or electron density.

In Monte Carlo simulation, particles are transported on a history by history basis. A history 

batch contains all the information of particles and their secondary created particles in the 

geometry of interest until the energy of each particle falls below a cut-off value. This 

procedure increases efficiency by depositing the energy of the photon locally when it 

is too small to be of significance, rather than tracking its full trajectories until it gets
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absorbed. In general, the distance to the next interaction, s, can be sampled from the total 

cross section p, in units of cm'1:

s = -  In R, (2-8)fl

where Ri is a random number uniformly distributed between 0 and 1. If the photon 

remains in the volume of interest after it is transported, the branching ratios of the photon 

interactions will be sampled to determine which interaction will follow. The sampling 

requires another random number R2 uniformly distributed between 0 and 1. Since the 

contribution of each interaction reflects its probability of occurrence, it can be stated 

that; photoelectric effect will happen if,

^  Gphotoelectric  / ^
0 < R 2 < / n  (2-9)

Compton scattering will happen if,

Gphotoelectric  T Gcompton  /
Gphotoelectric <  ^ 2  — /fl  ( 2 - 1 0 )

Pair production will happen if,

G photoelectric ~P G compton Gphotoelectric “P Gcomp ton G pair  ̂ product ion

(2- 11)

And Rayleigh scattering will happen if,

Gphotoelectric "P Gcompton  ~P Gpair_production / /

/ 7 m < « 2 < ^  (2-12)

After the interaction, the parameters of the resultant particles will be sampled. The procedure 

continues until every particle is processed. At that point, a new particle history can start

Electrons transport

As electrons moves through a medium, they experience the following interactions at first 

they are elastically scattered by atomic nuclei, these collisions produce deflections but 

essentially no energy loss (except for bremsstrahlung) or they are inelastically scattered
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against other electrons in the medium. In general this involves both an energy loss and a 

deflection. The deflection is usually ignored. The energy imparted to the other electrons is 

usually small compared to the initial energy of the electron doing the colliding. These are 

called soft collisions. Electrons with energies above 1 keV are usually regarded as losing 

their energy continuously to the electrons in the medium. The electron stopping power 

describes this effect. This is known as the continuous-slowing-down-approximation (CSDA) 

[46]. Inelastic scattering imparts energy to electrons in the medium and can also produce 

secondary electrons. In so-called type II high-energy Monte Carlo codes [47], these electron- 

electron collisions are called hard collisions which means that a substantial fraction of the 

initial electron energy is imparted to the secondary electron, also known as a knock-on 

electron. Electrons produce bremsstrahlung radiation, as electrons are deflected by atomic 

nuclei, energy is radiated and the photons are produced are known as bremsstrahlung 

radiation. During transport, energetic electrons occasionally ionize the inner shells of atoms 

in a medium. These interactions occur infrequently and can be ignored in calculating electron 

transport. However, to obtain the results of this ionization, special techniques such as 

interaction forcing have been used [49]. These inner shells return to their normal state by 

ejection of Auger electrons or emission of fluorescent (characteristic x-ray) photons. The 

latter process is another way electrons (indirectly) generate photons.

The inelastic energy losses by an electron moving through a medium with density are 

described by the total mass-energy stopping power (S/p)tot , which represents the kinetic 

energy Ek loss by the electron per unit path length x, or

( s / p ) tot -  ^  (Mev.cm2
p dx v

(2-13)

(S/ p) tot consists of two components: the mass collision stopping power (S/p) col, resulting 

from electron-orbital electron interactions (atomic excitations and ionizations), and the mass 

radiative stopping power (S/p)rad, resulting from electron-nucleus interactions 

(bremsstrahlung production) [49]:

(5 /  P)tot — (A /  P)co/ 4* (s /  p)rad (2-14)
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In Electron Transport interactions can be summarized into two sections; catastrophic events 

and soft events. If electrons lose their energy via soft events, there needs to be a large number 

of interactions on the order of 105 -10 6 before an electron lose all of its energy. So it 

condense these interactions into large step sizes .These step sizes should be large enough 

so that sufficient number of interactions occurs within each step for energy loss models 

to be valid, and they should be small enough to reduce errors due to the approximation 

of electron tracks into line segments. The soft events can be summarized as, low-energy 

Moller and Bhabha scattering (modeled as part of the collision stopping power), atomic 

excitation (modeled as another part of the collision stopping power), soft 

bremsstrahlung (modeled as radiative stopping power), and elastic electron (positron) 

multiple scattering from atoms. However, it is relatively easy to model catastrophic events. 

These events can be summarized as, large energy loss Moller scattering (e -e- —► e-e-), 

large energy-loss Bhabha scattering (e+e- —> e+e-) hard bremsstrahlung emission (e -  

N —► e ± yN), and positron annihilation inflight and at rest (e + e — —> y y) [50].

The spatial distribution of ionization and excitation event along a radiation track 

called the tack structure ,is basic quantity in characterizing the physical aspect of radiation 

effect .to simulate track structure on the computer, basic information on the electron cross 

section ,an electron transport model ,and the initial electron energy spectrum. So at given 

the cross section data, electron transport model and the primary electron energy spectrum, 

the Monte Carlo program can simulate the electron track on the computer using a random 

number generator as an essential tool.
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Figure 2.2: Flow chart of Monte Carlo method for radiation transport [52].

From flow chart we summarize then step of Monte Carlo method for radiation transport as 

following:

First Determine the source parameters and the second step is determine the distance to an 

interaction point, the flight distance (l), using the total cross section. Third step Check 

whether an interaction point is within the same region or not. Uncharged particle, like 

photons or neutrons, move to an interaction point without changing its direction or energy. 

In this case, this is a comparison between the flight distance (l) and the distance to the region 

boundary (d) if l < d, move the particle to the interaction point, if l > d, move the particle to 

the boundary. A charged particle, like an electron, changes its direction and energy while 

moving to the interaction point and, therefore, treatments become more complicate. Fourth 

step is determine the type of interaction, the type of interaction is determined using discrete- 

type probability distribution functions. Photoelectric or Compton scattering or pair
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production is selected in the case of photons. Fifth determine the energy and a direction of 

scattered and produced particles at the interaction point using differential cross section of 

the interaction. Sixth Store any information of interest when a particle reaches to region of 

interest, such as: type of particle and its energy, and energy imparted to the medium. Seventh 

Terminate following radiation when radiation leaks from the system or the radiation energy 

becomes below its cut-off energy .Finally a history is defined as the whole processes from 

the production of a source particle until its termination for some reason. Information of 

interests can be obtained by repeating a history many times [52]

2.3.1 Variance Reduction Techniques

Its techniques to improve the efficiency of Monte Carlo calculations. Realistic calculations 

can take hundreds of hours of CPU time; hence improved calculating efficiency is desirable. 

In electron-photon Monte Carlo transport, most of the CPU time is spent generating random 

numbers, rotating coordinate frames, sampling the multiple scattering angle, and tracing 

through the geometry. Efficient coding and structure in a Monte Carlo code can save a large 

amount of computing time.. In contrast, variance reduction techniques can improve the 

efficiency by giving more emphasis to the physical quantities of interest, thus producing 

more relevant information for a given amount of CPU time. [2]

Efficiency e can be defined as:

s = 4 -  (2-17)
sxT

Where T is the simulation time [CPU seconds] required to obtain an estimated variance of

[51].

There are various variance reduction techniques applied such as Russian roulette Splitting, 

Weight Windows, Range Rejection of Electrons [54,2].
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2.4 Monte Carlo Codes

Many Monte Carlo codes have been developed in the area of medical physics applications. 

Any Monte Carlo simulation code has four major components: (1) the cross-section data for 

all the processes being considered in the simulation, (2) the algorithms used for the particle 

transport, (3) the methods used to specify the geometry of the problem and to determine the 

physical quantities of interest, and (4) the analysis of the information obtained during the 

simulation [2], The most widely used general purpose Monte Carlo packages are the 

following: the Monte Carlo code system for electron and photon through extended media 

(ETRAN), the Electron Gamma Shower code (EGS), the general Monte Carlo N-Particle 

transport code (MCNP), the simulation toolkit of particle interaction with matter (GEANT4), 

the x-ray/electron Monte Carlo transport code (PENELOPE), the Monte Carlo x-ray electron 

optical imaging simulation code (MANTIS). Most of the Monte Carlo packages include 

open freely available software and extensive documentation along with the source code

ETRAN code, developed by Berger and Seltzer [54], can be considered one of the first 

Monte Carlo codes and the EGS code as one of the first powerful codes on high energy' 

physics. The MCNP system is maintained by a large group at Los A lain 05 N ational 

Laboratory and has many applications outside medical physics because it was originally a 

neutron-photon transport code used for reactor calculations [55]. The PENELOPE code 

package has a detailed treatment of cross sections for low-energy transport and a flexible 

geometry package which allows simulation of accelerator beams [56], This code has a very 

powerful geometry package and has incorporated the ETRAN code system's physics for 

doing electron transport. The GEANT4 code [57] is a general purpose code developed for 

particle physics applications. It can simulate the transport of many particle ty pes (neutrons, 

protons, pions, etc). GEANT4 has been used for various application in radiotherapy physics 

and is the basis of the GATE simulation toolkit for nuclear medicine applications in PET 

and SPECT [45]. MANTIS [58] is a Monte Carlo simulation package that describes the 

coupled transport of x-rays and light produced in a scintillation material. It is based on

PENELOPE.

23



2.5 Digital Im age processing

An image defined is a function of two real variables. a(x,y) with a as the amplitude (e.g. 

brightness) of the image at the real coordinate position (x.y) .A digital image a[m. nj 

described in a 2D discrete space is derived from an anaiog image a(x ,y) in a 2D continuous 

space through a sampling process that is frequently referred to as digitization.. The effect of

digitization is shown in Figure 2.3 . The 2D continuous image a(x.y) is divided into N rows 

and M columns. The intersection of a row and a column is termed a pixel. The value assigned

to the integer coordinates [m,n] with {m=0,l,2,...?M—1} and (n^O.1.2..... N - l} is ajm.nj.

In fact, in most cases a(x,y) -  which we might consider to be the physical signal that 

impinges on the face of a 2D sensor -  is actually a function of many variables including 

depth (z), color (A), and time (t) [59].

columns

Rows

value =

Figure 2.3: Digitization of a continuous image. The pixel at coordinates (m=2, n=3).

The image shown in Figure 1 has been divided into N= 4rows and M= 4 columns. The value 

assigned to every pixel is the average brightness in the pixel rounded to the nearest integer 

value. The process of representing the amplitude of the 2D signal at a given coordinate as an 

integer value with L different gray levels is usually referred to as amplitude quantization or 

simply quantization.
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2.5.1 Image Representation

There are three type creating digital image first one is Bitmap and the second is victor 

graphics which it describe an image using numbers is to declare its contents using position 

and size of geometric forms and shapes like lines, curves, rectangles and circles; such images 

are called vector images the third one is procedural modeling and it is algorithmic art [60]. 

Bitmap-, or raster, images are "digital photographs"', they are the most common form to 

represent natural images and other forms of graphics that are rich in detail. Bitmap images 

is how graphics is stored in the video memory of a computer. The term bitmap refers to how 

a given pattern of bits in a pixel maps to a specific color. A bitmap images take the form of 

an array, where the value of each element, called a pixel picture element, correspond to the 

color of that portion of the image. Each horizontal line in the image is called a scan line [61].

2.5.2 Sampling:

When measuring the value for a pixel, one takes the average color of an area around the 

location of the pixel. A simplistic model is sampling a square, this is called a box filter, a 

more physically accurate measurement is to calculate a weighted Gaussian average (giving 

the value exactly at the pixel coordinates a high weight, and lower weight to the area around

it).

2.5.3 Pixel dimensions:

Number of horizontal (i.e., width, w) and vertical (i.e.,height,h) samples in the pixel 

grid is called pixel dimensions, it is specified as width x height (wxh).

2.5.4 Resolution:

Is a measurement of sampling density, resolution of bitmap images give a 

relationship between pixel dimensions and physical dimensions the most often used 

measurement is PPI, pixels per inch Megapixels refer to the total number of pixels in the 

captured image, an easier metric is raster dimensions which represent the number of 

horizontal and vertical samples in the sampling grid. An image with a 4:3 aspect ratio with
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dimension 2048x1536 pixels, contain a total of 2048x1535=3,145.728 pixels; approximately 

3 million, thus it is a 3 megapixel image

2.5.5 Scaling / Resampling:

When we need to create an image with different dimensions from what we have we 

scale the image. A different name for scaling is resampling, when resampling algorithms try 

to reconstruct the original continuous image and create a new sample grid. Scaling image 

down the process of reducing the raster dimensions is called decimation, this can be done by 

averaging the values of source pixels contributing to each output pixel. Scaling image up 

when we increase the image size we actually want to create sample points between the 

original sample points in the original raster, this is done by interpolation the values in the 

sample grid, effectively guessing the values of the unknown pixels.

2.5.6 Sample depth:

The values of the pixels need to be stored in the computer’s memory, this means that in the 

end the data ultimately need to end up in a binary representation, the spatial continuity' of 

the image is approximated by the spacing of the samples in the sample grid. The values we 

can represent for each pixel is determined by the sample format chosen. 8bit A common 

sample format is 8bit integers, 8bit integers can only represent 256 discrete values (2A8= 

256), thus brightness levels are quantized into these levels where 12bit for high dynamic 

range images (images with detail both in shadows and highlights) 8bits 256 discrete values 

does not provide enough precision to store an accurate image. Some digital cameras operate 

with more than 8bit samples internally, higher end cameras (mostly SLRs) also provide 

RAW images that often are 12bit (2A12bit = 4096). 16bit The PNG and TIF image formats 

supports 16bit samples, many image processing and manipulation programs perform their 

operations in 16bit when working on 8bit images to avoid quality loss in processing. Some 

image formats used in research and by the movie industry7 store floating point values. Both 

"normal'’ 32bit floating point values and a special format called half which uses 

16bits/sample. Floating point is useful as a working format because quantization and 

computational errors are kept to a minimum until the final render.Floating point
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representations often include HDR, High Dynamic Range. High Dynamic Range images are 

images that include sampling values that are whiter than white (higher values than 255 for a 

normal 8bit image). HDR allows representing the light in a scene with a greater degree of 

precision than LDR, Low Dynamic Range images.

2.5.7 Colors:

The most common way to model color in Computer Graphics is the RGB color 

model, this corresponds to both CRT monitors and LCD screens. Each pixel is represented 

by three values, the amount of red, green and blue. Thus an RGB color image will use three 

times as much memory as a gray-scale image of the same pixel dimensions. One of the most 

common pixel formats used is 8bit RGB where the red, green and blue values are stored 

interleaved in memory.

2.6 Digital image format:

In medical imaging devices many image format were used such as ECAT7 data 

format [67], Analyze Data Format [63], NIfTI Data Format [64], DICQM Data Format [65], 

Interfile [66], and Flat Image Format. The Digital Imaging & Communications in Medicine 

(DICOM) has been used by most equipment manufacturers. Another file format which has 

been developed specifically for nuclear medicine images is called Interfile. In addition 

specifying the format of digital image data, these information interchange formats also cover 

patient and examination details which are embedded within the image file. This feature is 

important in medical imaging so that patient studies do not get mixed up, and can be regarded 

as generating a birth certificate for each acquired image, or set of images. An example of 

such DICOM header information e.g. data covers the slice thickness and spacing used in this 

SPECT study, image sampling and quantization information, the number of images and the 

photon energy window used by the scanner.

Other image formats are in common use in medicine, for purposes other than primary 

diagnosis. These formats can be useful for teaching, multimedia and publication purposes. 

Examples of these formats are included in the following (JPEG, PNG, TIFF, GIF). When 

we talk about advantage of file format first talk about its ability to compress the image, when
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the image format able to compress image and recover without lossless of image data this 

called loss and with loss called lossy . The Joint Photographic Expert Group (JPEG) format 

is widely used for image transfer and it lossy compressor where The Portable Network 

Graphics (PNG) format is the most recent of these formats and has advantages in terms of 

Lossless compression, platform independent image display and compression features and 

the ability to embed patient and study identification information. The Tagged Image File 

Format (TIFF) is widely used in the publication industry and provides the capability for both 

lossless and lossy compression. Its lossless compression however results in large image file 

sizes. Finally the Graphics Interchange Format (GIF) is widely used for transferring 

graphical images (e.g. graphs, diagrams, flowcharts etc.) via the World Wide Web, and can 

also be used for animated graphics. Another type of image format is RAW which it's an 

image output option available on some digital cameras. Though lossless, it is a factor of three 

of four smaller than TIFF files of the same image. The disadvantage is that there is a different 

RAW format for each manufacturer, and so you may have to use the manufacturer's software 

to view the images. Some graphics applications can read some manufacturer's RAW formats 

[68,62].
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Chapter Three: Materials and Methods
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3.1 Materials

3.1.1 Nucline Spirit, Mediso Dual Head Gamma Camera

The Nucline Spirit, Mediso dual head Gamma Camera host in Radiation isotopes 

center of Khartoum equipped with two detector head as show in Figure 3.1, each head 

consisting of a Low Energy general purpose (LEGP) collimator, a Nal(Tl) crystal, a light 

guide and an array of photomultiplier tubes (PMTs) . The Nal(Tl) scintillating 

crystal is a 9.5 mm thickness and dimensions 59 x 47 cm [69,70] .

Chapter Three: M aterials and M ethods

Figure 3.1: The Nucline Spirit. Mediso Dual Head Gamma Camera hosted in Radiation Isotopes Center of 
Khartoum equipped with two detector head.

3.1.2 Radioactive Sources

The researcher uses tribal phantom for experimental measure of spatial resolution. Tribal 

phantom composes of tribal line sources as show in figure 3.2,each line specified by 20cm 

length and 0.1 cm diameter, in experiment two line of Tribal phantom were filled with 

radioactive material Tc99m with activity 18.9mci.
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Figure 3.2: The Tribal phantom that used in spatial resolution experiment.

3.1.3. Gate Monte Carlo Code

GATE is an advanced open source software developed by the international OpenGATE 

collaboration and dedicated to numerical simulations in medical imaging and radiotherapy . 

It currently supports simulations of Emission Tomography (Positron Emission Tomography 

- PET and Single Photon Emission Computed Tomography - SPECT), Computed 

Tomography (CT) and Radiotherapy experiments. Using macro mechanism to configurate 

simple or highly sophisticated experimental settings, GATE now plays a key role in the 

design of new medical imaging devices, in the optimization of acquisition protocols and in 

the development and assessment of image reconstruction algorithms and correction 

techniques. It can also be used for dose calculation in radiotherapy experiments Gate can 

install directly on linux or MacOS that by installed required dependency software (geant4, 

root,chlep,gcc).also vGate developed ,It is a complete virtual machine running an Ubuntu 

32bits operating system and made using the free software Virtual Box. This virtual machine 

can be run on any host machine (Linux, Windows, MacOS) (32 or 64 bits) provided the 

Virtual Box program is installed and ready for use. When VGate installed no need to to 

configure anything. In this work the researcher uses vGATE_2.1 which it running an Ubuntu 

32bits operating system [71, 72].
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To perform actions or simulation, the user must either enter commands in interactive 

mode, or build up macro files containing an ordered collection of commands. Each command 

performs a particular function, and may require one or more parameters. The Gate 

commands are organized following a tree structure, with respect to the function they 

represent. In macro the first command lines entered at the Gate prompt usually concern the 

graphical interface. For on-line verification of the geometry being built, a visualization tool 

needs to be installed, after the visualization being set, the user needs to define the geometry 

of the simulation based on volumes. All volumes are linked together following a tree 

structure where each branch represents a volume. Each volume is characterized by shape, 

size, position, and material composition. The default material assigned to a new volume is 

Air. The list of available materials is defined in the Gate Materials data base file. In the next 

few paragraphs, we will explain the main steps for implementing the simulation after the 

volumes (scanner geometry, phantom geometry) and corresponding sensitive detectors are 

described

First step is setting up the physics in this step Gate uses the GEANT4 models for 

physical processes which contain Electromagnetic processes Photoelectric effect. Compton 

scattering, Rayleigh scattering, Pair production, Ionization, Bremsstrahlung, Positron and 

electron annihilation, Single and multiple Scattering, Muon electromagnetic processes and 

Hadronic processes Main Geant4 models, Elastic scattering, Inelastic process for proton, 

Inelastic process for ion ,Pions, Neutrons, Particle decay and Optical physics processes Bulk 

Absorption, Rayleigh Scattering, Mie Scattering, Processes at Boundaries, Wavelength 

Shifting or Fluorescence .The user has to choose among these processes for each particle. 

Then, user can customize the simulation by setting the production thresholds, the cuts, the 

electromagnetic options. Two types of electromagnetic processes can be included in the 

GATE simulation: standard-energy electromagnetic processes (SEPs) and low-energy 

electromagnetic processes (LEPs). We used the low-energy electromagnetic processes in 

this simulation to increase the accuracy of the results. This process is valid for energies down 

to 250 eV, can simulate the photoelectric effect, Compton interaction, and Rayleigh 

scattering for energies up to approximately 100 GeV. The type and number of particle 

interactions, particularly Compton scattering, are related to the cutoff energy. The photon 

energy is reduced due to discrete interactions. On the other hand, the energy reduction of
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V *electrons is divided between the continuous energy loss (soft collisions; ana :nc seLonua. .

electrons (hard collisions). The production threshold tor secondary parti ies :.s ■mOCCn iC

the minimum energy (Ecut).w7hich at energies higher than E^;. the secondary panicles are 

produced. When the electron energy (E) is less than Ecu-t - E is reduced b> >un cohisiom. 

and secondary electrons are produced. This threshold is used a range cut ;n u /\ .; . 

Accordingly, the number of Compton scatterings is related to the cutoff energx and :ne 

photon energy [20]. In the simulation of photons by use of GATE, ail simuiateo interactions 

are recorded and also the number of times that a photon can undergo different t\pes of  

interaction, including Compton scatting. can be counted. This feature of GATE offers me 

ability to separate the single and multiple incoherent or coherent scatterings. Second step is

definition of radioactive source, a different types of sources can be defined in GA 1H -
JL-

(voxelized, linac Beam, phase Space, Pencil Beam, TPS Pencil Beam or GPS). The 

simulated source is defined by its particle type, position, direction, energy, and activity. The 

activity in GATE can be defined in Curie (Ci) as well as in Becquerei (Bq). At each new 

event, the source manager decides randomly which source decays, and generates tor it one 

or more primary particles. The final step Setting-up the digitizer (Signal processing) The 

goal of the digitizer is to build physical observables from the Gate output (hit collection m 

which data such as the position, the time and the energy of each hit are stored ) and to model 

readout schemes and trigger logics. Several functions are grouped under the Gate digitizer 

object, which is composed of different modules that may be inserted into a linear signal 

processing sequence such as adder module, readout module. Blurring module .the adder 

module used for summation of all hits that occurred within a sinuie sensitive \olume. 

however readout module yields a pulse containing the total energy deposited with the group 

of sensitive detectors. The blurrine module which it simulates the Gaussian biurrimz of the 

spatial resolution and the energy spectrum [71,72].
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3.1.4 RO O T

ROOT is a framework for data processing, bom at CERN, at the heart of the 

research on high-energy physics. . It provides all the functionalities needed to deal with big 

data processing, statistical analysis, visualization and storage. It is mainly written in C+- 

but well integrated with other languages such as Python.

A number of processes can be execution with Root such as save data (and any 

object) in a compressed binary form in a ROOT file. The object format is also saved in the 

same file: the ROOT files are self-descriptive. Even in the case the source files describing 

the data model are not available, the information contained in a ROOT file is be alwavs 

readable. ROOT provides a data structure, the tree  that is extremely powerful for fast access 

of huge amounts of data - orders of magnitude faster than accessing a normal file. Also it 

can mine data by using Powerful mathematical and statistical tools are provided to operate 

on your data. The full power of a C++ application and of parallel processing is available for 

any kind of data manipulation. Data can also be generated following any statistical 

distribution and modeled, making it possible to simulate complex systems. The result can 

publish and be displayed with histograms, scatter plots, fitting functions. ROOT graphics 

may be adjusted real-time by few mouse clicks. Publication-quality figures can be saved in 

PDF or other formats. Also interactively or build application can run use the Cling C™ 

interpreter for your interactive sessions and to write macros, or you can compile your 

program to run at full speed. In both cases, you can also create a graphical user interface. 

Finally Root can use within other languages by provides a set of bindings in order to 

seamlessly integrate with existing languages such as Python, R and Mathematica [73].

In Gate the Root output is composed of one NTuple (Gate) and three TTrees (Hits, 

Singles, Coincidences) in which the interaction type, position and time information are 

stored. By default these two types of output are enabled. From output we take the kind of 

information one is interested in. In the study the researcher uses root version 5.34 /01.
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3.1.5 V irtualBox

Is software allows to run more than one operating system at a time. This wav, we can run 

software written for one operating system on another (for example, Windows software on 

Linux or a Mac) without having to reboot to use it. Since we can configure what kinds of 

“virtual” hardware should be presented to each such operating system, we can install an old 

operating system such as DOS or OS/2 even if a real computer's hardware is no longer 

supported by that operating system [74]. In the study the researcher install VirtualBox 

4.3.0.89960.

3.1.6 Imagej

ImageJ is a public domain Java image processing and analysis program inspired by 

NIH Image for the Macintosh. It runs, either as an online applet or as a downloadable 

application, on any computer with a Java 1.5 or later virtual machine. Downloadable 

distributions are available for Windows, Mac OS, Mac OS X and Linux. It can display, edit, 

analyze, process, save and print 8-bit, 16-bit and 32-bit images. It can read many image 

formats including TIFF, GIF, JPEG, BMP, DICOM, FITS and ‘raw’. It supports ‘stacks' 

(and hyper stacks), a series of images that share a single window. It is multithreaded, so 

time-consuming operations such as image file reading can be performed in parallel with 

other operation .It can calculate area and pixel value statistics of user-defined selections. It 

can measure distances and angles. It can create density histograms and line profile plots. It 

supports standard image processing functions such as contrast manipulation, sharpening, 

smoothing, edge detection and median filtering. It does geometric transformations such as 

scaling, rotation and flips. Image can be zoomed up to 32:1 and down to 1: 32. All analysis 

and processing functions are available at any magnification factor. The program supports 

any number of windows (images) simultaneously, limited only by available memory. Spatial 

calibration is available to provide real world dimensional measurements in units such as 

millimeters. Density or gray scale calibration is also available.

Imagej was designed with an open architecture that provides extensibility via Java 

plugins. Custom acquisition, analysis and processing plugins can be developed using
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ImageJ’s built in editor and Java compiler. User-written plugins make it possible to solve 

almost any image processing or analysis problem.

ImageJ is being developed on Mac OS X using it's built in editor and Java compiler, 

plus the BBEdit editor and the Ant build tool. The source code is freely available [75].

3.2 Methods

3.2.1 Installation of Gate

At first the virtual box software was installed on a computer with Intel R core TM 

i3 CPU @ M 380 and 2.53 GHz processor, the operating system windows 8 version

8.1 and the system type 64 bit. The installed memory (RAM) is 4.0 GB. Then the virtual 

box was used to run virtual machine (vGATE_2.1) with Ubuntu operating system and bas 

memory 1814MBand 12MB video memory. Finally the researcher runs an example to 

investigate that machine was run correctly.

3.2.2 Modeling of the camera:

The researcher uses vGate to modeling Nucline Spirit, Mediso dual head Gamma 

Camera by implementation manufacture specification, and this by using Gate command 

to develop geometry of each part modelling machine macro begin from visualization and 

geometry of world , camera head , shielding , collimator , crystal , to back compartment 

which contain detection system. The material of component are defined on material database 

of GATE. First the world dimensions were defined the length of X,Y,Z 400cm .then the 

camera head was develop in box shape with dimensions X ,Y,Z 8cm,49.4cm and 61.4 

respectively then the head was placed at 25cm from center at X axis and 0 from Y and Z 

after that the camera head was repeated two times then the shielding volume was created as 

daughter of camera head with same shape and dimensions, after creation of shielding the 

internal of the camera head developed as daughter of scanner head .This components start 

from collimator which created in box shape with dimensions X,Y,Z 3.5cm,47cm and 59cm 

Respectively and Placement at (-2.5,0,0)cm from X,Y,Z respectively , then the hole was 

created with 3.5 cm high and 0.02 cm septal thickness and 0.19 cm diameter after that hole
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was repeated in cubic array and linear arrav. The crystal wa.-> eiop m \ mmpc

i \  a n c i  ^ memwith dimensions X ,Y.Z 0.95cm47cm and 59cm respemu

0.025.0.0)cm from X.Y.Z respectively and sodium iodide was >e

that the back compartment which contain the detection system

shape with dimensions X .Y.Z 2.5cm.47cm and 59 respeetiveh a n d  a i a s >  *ei 
1  1  *

compartment material and placement at (1.7.0.0)cm from X.Y.Z res]
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crystal sensitive detector (SD) wras attached to sensitive volume t o  record n u  a n d  phantom

sensitive detector (SD) was attached to each part of scanner head to r e c o r d  C ompton e v e n :

3.2.2.1 Modeling of physical process

The flowing electromagnetic processes were add (photoelectric. Compton scattering. 

Rayleigh scattering, Electronic Ionization, Bremsstrahlung. Multiple scattering;. 1 hen me 

cut Region on scanner head was set 0.1cm for gamma and i .0cm for electron.

3.2.2.2 Modeling of radioactive source

For demonstration of develop machine line source w as devolved with .u5 

20cm hight and defined as gamma mono energetic particles .140 ke\ ke\ 

angular distribution and activity7 3000Bq.

c m  radius a n d  

with isotropic

3.2.2.3 Modeling of signal processing

Adder and blurind ŵ ere inserted then the researcher set the Resolution a n a  E n e r g x  o l

Reference attributes of Gaussian blurring of the energy spectrum at i! '  /

V  - -i a n a  m u  K c  \  .

respectively. Also, w;e set the Spatial resolution attribute of spatial blurring at 2.0 mm 

Thresholder and upholder determine by setting the Threshold 126 Kev and uphold attribute 

154 Kev.
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3.2.3 Evaluation of Spatial resolution

Two Line source was devolved with 0.05 cm radius and 20cm length and defined as gamma 

mono energetic particles, 140 kev with isotropic angular distribution and activity 3700MBq.

Line source was set at 5cm from first head of gamma camera and 37 from the second head 

then the physics process and geometry and signal process were setup as the researcher 

described above after that the simulation was running then in the end of simulation the image 

was appear at raw file (.sin), this file was imported to imagej and image was saved as PNG 

format. After that FWHM of PNG image profile was measured by usage imagej.

This method was preformed three time , where the source set at different distance (10 cm 

from first head and 32 from second head), (15 cm from first head and 27 from second head) 

, (20 cm from first head and 22 from second head). Then the effect of distance on spatial 

resolution was evaluated.

Finally the result of spatial resolution that calculate from simulate the source at distance 

10cm was compared with actual result that obtained from experimental result which is 

carried out by setting two line source at 10cm distance as shown in figure 3.3 , then imagej 

was used to change to gray level and FWHM was calculate from image profile .

3.2.4 Evaluation of Sensitivity

Dish source was developed with 2.5 cm radius and 0.3cm height and defined as gamma 

mono energetic particles ,140 kev with isotropic angular distribution and activity lOOMBq 

, after that the source was set at various distance 10,15,20 at then the sensitivity was 

measured by divided the CPS over activity. The simulation was done at various distance to 

study the effect of distance on sensitivity.

The effect of dish diameter was studied by applied the same step of above by change the 

radius of dish source in to 5cm.

38



Figure 3.3: The experimental setup to evaluate spatial resolution uses Ncline Spirit, Mediso dual head
Gamma Camera.
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Chapter Four: Results and Discussion

4.1 Results:

In this chapter the parts of modeling Nucline Spirit, Mediso Dual Head Gamma Camera 

host in Radiation isotopes center of Khartoum using Gate Monte Carlo code were shown, 

also the results of actual and simulation experiment for evaluation of spatial resolution and 

evaluation of sensitivity were represent.

4.1.1 Modeling of the camera

The Nucline Spirit, Mediso Dual Head Gamma Camera host in Radiation isotopes 

center of Khartoum (RICK) was modeled , two detector head were modeled each one 

consisting of a Low Energy general purpose (LEGP) collimator, a Nal( i l) scintillation 

crystal, back compartment with material glass 2.5cm thickness The LEGP collimator 

equip from parallel holes (3.5 cm height, 0.02 cm septal thickness) w ith hexagonal 

cells of 0.19 cm diameter, the thickness of scintillating crystal is a 9 5 mm and 59 \ 

47 cm dimensions. Figure 4.1 shows the part of gamma camera head component the read

ware is gamma camera head shielding where the white color is collimator the green color is

collimator hole the yellow color represent the crystal and gra\ color represent the hack 

compartment (detection system) . The resercher simulated modeling machine for mam 

reason first to demonstrate that modeling machine work and it give result and other shown 

in following section. Gate is flexible in modeling as shown in Figure 4:2 which it show 

general view of modeled machine with and without table.

Figure 4.1: The model head of gamma earner:1
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Figure 4.2: The resulted modeling for the Gamma Camera, (a.) without table and (h) with table

4.1.2 Evaluation of Spatial Resolution

Spatial resolution of simulate and actual gamma camera were assessed in terms of FWHM 

(mm) for two line source monoenergytic gamma emitter w ith energ\ 140kev locate at 

distance 10 cm from gamma camera head Figure 4:3 show setup of spatial resolution 

experiment that modeling using Gate Monte Carlo code . We found that the result FWHM 

at distance 10cm from source 8.928 mm for actual experiment and 7.73 for simulated 

experiment so the difference between experimented and simulated results 13%.

The effect of distance on spatial resolution was studied by measured the FWHM at different 

distance from modeled camera head at 5, 10, 15, 20, 22, 27, 32,37cm and for these distances 

the spatial resolution was founded to be 5.76, 7.73, 10.7, 13,8. 14.01, 16.91. 19.75. 2 1.9 mm. 

Spatial resolution may be evaluated by subjective or objective means. A subjective

evaluation can be obtained by visual inspection of images as shown in Figure 4:6 which i

view images for line sources of Tc 99m gammas of energy 140 KeV a. b. c. d .e. f .g. h



obtain at distance 5, 10 ,15,20,22,27,32,37 respectively from modeled camera beau vdovi.

can use for subjective evaluation, also the image obtain experimental!} at distance 4*

from actual Gamma Camera head and its profile shown in figure 4.4 and figure 4.5 1 he

image profile a, b, c, d ,e, f ,g ,h taken at different distance 5, 10 4 5.20.22.27.32 ana 3 f  -• 
c .  , i  ;

, respectively from modeled camera head shown in figure 4.7 . Finally relationship between 

FWHM per (mm) and distance per (cm) was determined as show in Figure 4:8

Figure 4.3: The experimental setup to evaluate spatial resolution uses rnodei for Ncline Spirit. Med iso Dual
Head Gamma Camera.
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Figure 4.4: Image for two line sources of Tc 99m gammas emitter of energy 140 KeV obtain experimental!)
at distance 10 cm from Actual Ncline Spirit, Mediso Gamma Camera Head.

ooo 400
Distant*

tvyf:w  w
w  i a

i a i 4

Figure 4.5: The profile to evaluate FWHM for image obtain experimentally at distance 10 cm from lower
surface of collimator.
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Figure 4.6: Images resulting from simulation of two line sources of Tc 99m gammas emitter of energy 140 
KeV obtain at distance (a)5cm , (b) 10 cm. (c) 15 cm,(d) 20 cm ,(e) 22 cm, (f) 27 cm .(g) 32 cm. (h) 37cm.
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Figure4.7:The profile plotted to evaluate FWHM at distance (a)5cm .(b) 10 cm, (c) 15 cm,(d) 20 cm ,(e) 22 
cm, (f) 27 cm ,(g) 32 cm, (h) 37cm. uses model for Ncline Spirit, Mediso dual head Gamma Camera.
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Figure 4.8: Curve represent relationship between FWHM and distance for the modeled Ncline Spirit. Mediso
Mediso Dual Head Gamma Camera.

4.1.3 Evaluation of sensitivity

The sensitivity of the gamma camera was measured and calculated for dish (whole source) 

placed at a 10 cm distance from the LEGP collimator. Sensitivity was measured by divided 

the count over activity source in the field of view (FOV).

The effect of dish diameter was studied by applied the same step of above by change the 

radius of dish source 5cm. Figure 4.10 show the results of sensitivity per CPS/pCi obtain by 

simulation of hole source at different radius 2.5cm and 5. cm measured at different distance 

10,15,20 cm. Setup of sensitivity experiment that modeling using Gate Monte Carlo code 

show on Figure 4.9 .
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Figure 4.9: The experimental setup to evaluate sensitivity useing model for Kcline Spirit. Med iso (n 1

Mediso Dual Head Camera,
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Figure 4.10:The curve represent relationship between sensitivity (CPS/uCi) and distance (cm) at variou 
radius.
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4.2 Discussion

The researcher uses Gate to modeled Nucline Spirit. Mediso Dual Head gamma 

camera host in RICK, and demonstrated that the modeling machine works and gives results 

also he shows that the high flexibility in geometry description offered by GATE enables the 

modelling of imaging systems with original design. The researcher in his study 

demonstrate the validity of Gate by compare experimental result with simulation result for 

spatial resolution experiment also we used Gate to study the effect of distance on sensitivity 

and spatial resolution.

In evaluation of spatial resolution the researcher calculates FWHM and he finds that 

spatial resolution decrease (FWHM increase) with increasing the distance between object 

(line source) and collimator and this conforming to some theoretical and experimental 

studies [77-79], the relationship between FWHM and distance is linear and these . The 

researcher finds that the result FWHM at distance 10cm from source is 8.928 mm for actual 

experiment and 7.73 for simulated experiment then he demonstrate the validity of Gate by 

compare experimental result with simulation result and he finds Discrepancies between 

simulated and experimental FWTM 13 % at distance 10cm so Gate is valid. Spatial 

resolution is a measure of the sharpness and detail of a gamma camera image. Image blurring 

arises from collimator and part arises in the sodium iodide Nal(Tl) detector and 

positioning electronics. The effect of sodium iodide Nal(Tl) detector and positioning 

electronics on Spatial resolution arises from Statistical variations in the distribution of light 

photons among the photomultiplier tubes main caused of this variation scatter from 

detector and electronic part .Collimator effect on Spatial resolution because it is used for 

spatial localization so any error in hole diameter or septal length or thickness were effected 

on spatial resolution also the divergence of radiation beam with distance causes deterioration 

on spatial resolution when ŵ e use parallel hole collimator the deterioration come from miss 

on photon direction and interaction of photon with septal , this interpreted the linear 

relationship between FWHM and distance .The main factor that causes the variation or 

discrepancies on simulation and experimental result is back compartment[82], which it is 

not declared by manufacture. Its content PMT and electronic system so defect of any 

modelling within the back compartment during the simulation causes problem such as
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improper light sharing between PMTs and block decoding. This may induce simulation 

errors and decreased the accuracy of simulated results.

In evaluation of sensitivity experiment the researcher evaluates the effect of distanc ow

and radius of dish source on sensitivity and he finds sensitivitv decrease with increasing 

distance from collimator in the field of view (FOV) conforming to some theoretical and 

experimental studies [76, 79], also he finds that sensitivity decrease with increasing the 

radius of source and this for source diameter 5 and 10cm. he uses parallel hole collimator 

in our machine so the main factor that association on sensitivitv7 results is the divergence of
V  w

radiation beam (photons) that causes by increase source radius and its distance from camera 

head .divergence of beam limit the number of photon that reach crystal which it absorbed 

and redirected when interacted with septal of collimator hole also the inverse square law 

associate on the result.

the modeled machine gives optimum solution for the problem of access to machine 

.so the researcher can assessed the overall efficiency of a medical system (gamma camera) 

by simulation a series of factors that play crucial role to the imaging performance such as 

the physical properties and the geometry of the detector at any time. Also it can used to 

simulate exposure and calculate the result absorbed so it use in internal dosimetry in specific 

patient, by this ways we can set actual parameter lead to optimize image quality and 

minimize patient dose. Also modeled machine Can used in training of student by simulated 

Q.C test, also it can be used as research tool for different areas of nuclear medicine imaging, 

such as detector modelling and systems design, image correction and reconstruction 

techniques, in the study the researcher uses the modeled machine to study some factor effect 

on sensitivity and spatial resolution which it effect on image quality.

The researcher can say the modeled machine is valid because the researcher uses 

Gate Monte Carlo code to modeled i t , which is valid code for simulation of PET and SPECT 

and its validity was demonstrate by him and others. Also One of GATE advantage a high 

flexibility in geometry description offered by GATE enables the modelling of imaging 

systems with original design also GATE uses the cross-section libraries included in 

GEANT4 wdiich are at the moment the more up-to-date complete and consistent
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libraries. A major drawback of GATE is the long computation time required for the 

simulations in comparison with other Monte Carlo codes [80,81].
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Chapter Five: Conclusion and Recommendations
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Chapter Five: Conclusion and Recommendations

5.1 Conclusion

The researcher developed Gate model for Nucline Spirit. Mediso Dual Head Gamma 

Camera host in Radiation isotopes center of Khartoum features two detector head each 

one consisting of a Low Energy general purpose (LEGP) collimator, a Nal(Tl) crystal. a 

light guide and an array of photomultiplier tubes (PMTs) . The Nal(TI) scintillating 

crystal is a 9.5 mm thickness and dimensions 59 x 47 cm . Then he simulate the modeled 

machine to examine the efficiency of simulation and there capability' to give solution to 

problem. The researcher in his study demonstrates the validity7 of Gate by compare 

experimental result with simulation result for spatial resolution experiment also the 

researcher uses Gate to study the effect of distance on sensitivity7 and spatial resolution. In 

evaluation of spatial resolution the researcher calculates FWHM form image for two line 

sources of Tc 99m gammas of energy 140 KeV obtain at different distance from modeled 

camera head and he finds that the FWHM at distance 5, 10, 15, 20, 22, 27, 32,37cm equal 

5.76, 7.73, 10.7, 13.8, 14.01, 16.91, 19.75 and 21.9 mm respectively . FWHM at distance 

10cm from source for actual experiment was calculated. From results spatial resolution 

decrease (FWHM increase) with increasing the distance between object (line source) and 

collimator .the relationship between FWHM and distance is linear. The researcher finds that 

the result FWHM at distance 10cm from source is 8.928 mm for actual experiment and 7.73 

for simulated experiment then he demonstrate the validity of Gate by compare experimental 

result with simulation result and he finds discrepancies between simulated and experimental 

FWTM 13 % at distance 10cm.In the study to evaluate sensitivity of the modeled camera, 

circular radioactive sources with radius of 2.5cm and 5 cm of Tc 99m gammas of energy 140 

KeV, 2.7mCi were used. Each of these sources was adjusted at distances of 10. 15, 20 cm: 

respectively. The result sensitivity per CPS/pCi for 2.5 cm radius equal 11.304 at 10cm, 

11.274 at 15cm , 11.268 at 20 and for 5 radius equal 11.258 at 10cm , 1 1.235 at 15cm . 

11.232 at 20cm and he finds sensitivity decrease with increasing distance from collimator 

in the field of view (FOV) also he finds that sensitivity decrease w7ith increasing the radius 

of source and this for source diameter 5 and 10cm.
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5.2 Recommendations

The researcher can be depend on his modeled machine because the researcher uses 

Gate Monte Carlo code to modeled it , which is valid code so it can be used to evaluate 

Characteristics that are used for nuclear medicine image quality such as spatial resolute, 

contrast, sensitivity, energy resolution also it can be used in the optimization of acquisition 

protocols. The researcher modeled machine give solution for machine accessibility and 

availability of tool, so it can be used in research tool for different areas of nuclear medicine 

imaging, such as detector modelling and systems design, image correction and 

reconstruction techniques, internal dosimetry and training by simulate Q.C te s t.

GATE supports simulations of Emission Tomography (Positron Emission 

Tomography - PET and Single Photon Emission Computed Tomography - SPECT). It 

enables the modelling of imaging systems with original design also GATE uses the 

cross-section libraries included in GEANT4 which are at the moment the more up- 

to-date complete and consistent libraries. Also it provides the capability for modeling 

time-dependent phenomena such as detector movements or source decay kinetics, thus 

allowing the simulation of time curves under realistic acquisition conditions. The researcher 

can define voxelized source and phantom in Gate, by this way we can make internal 

dosimetry to specific patient
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