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Abstract: In this paper, the ABC classification 

of possible locations for ELV dismantling 

centers in the presence of uncertainties is 

considered. The proposed ABC classification 

algorithm is based on Pareto analysis. The 

uncertain criteria values are described by 

linguistic expressions specified by waste 
management. They are modelled using fuzzy 

sets. 
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1. INTRODUCTION  
 

Computed tomography (CT) is 

probably the most common technology for 

obtaining high resolution anatomical 

images of patients. CT images are 

composed by transverse slices, which are 

obtained by an X-ray tube rotating around 

the human body. 

Recent studies in radiology suggest 

that (CT) scans contribute to (35-45) % of 
the total radiation dose to the patient 

population [1, 2]. 

Further research into the complex 

relationship between radiation exposure, 

image quality, and diagnostic accuracy 

should be encouraged, in order to establish 

the minimum radiation dose necessary to 

provide adequate diagnostic information 

[3].  

According to this information 

protection of patients during scanning 

procedure is main requirement during 

imaging procedure and design of CT 
devices. The one way to minimize 

radiation dose is to better understand 

mechanisms of dose absorption and factor 

like construction of X-ray device, type of 

filter being used and characteristic of 

patient tissue. Dose reduction can be 

achieved using appropriate filterers [4,5] 

suitable reconstruction algorithms [6,7] or 

special mode of X-ray source operation 

[7]. 

In this study we consider quality of 

CT scanner and according to radiation 
dose and propose procedure for dose 

calculation by Monte Carlo Simulation 

using multi slice human head phantom 

data. The dose calculation can be very 

helpful parameter during design and 

planing scaning procedure. 
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2. COMPUTER TOMOGRAPHY 
 

Computer tomography (CT) is a non-

destructive method for characterizing 3D 

objects by using X-ray radiation. This 
method is based on the differences in 

attenuation coefficient of X-ray beams for 

various materials and tissues. The final 

result is a grey level CT image where 

corresponding grey level is proportional to 

attenuation coefficient.  

CT medical imaging includes 

exposure of the object of radiation at one 

side and detecting attenuated radiation at 

the other side of the object and this 

procedure is repeated from more than one 
direction. The next step is image 

reconstruction from the projection by 

using a number of techniques. All of these 

techniques are based on solving systems of 

integral equations which are formed as a 

result of total attenuation of the radiation 

beam from the source to the detector. 

Monochromatic X-ray reduction for 

homogenous materials is given by the 

relation 

0

dI I e m- ×=                   (1) 

 

where I0 is intensity of initial 

radiation, I is final intensity radiation after 

path length d in tissue with linear 

attenuation coefficient µ. If there are 

multiple materials, the equation becomes: 

0
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Linear attenuation coefficient is very 

sensitive to energy variation of initial X-

photon; that is to say the equations 1 and 2 

are valid only for monochromatic beam.  

If a polychromatic X-ray source is 
used, taking into account the fact that the 

attenuation coefficient is a strong function 

of X-ray energy, the complete solution 

would require solving the equation over 

the range of the X-ray energy (E) spectrum 

utilized: 

( )
0
( ) E dI I E e dEm- ×= ò            (3) 

This equation largely complicates the 

reconstruction process and obtaining final 

results. For this reason the equation (1) is 

more applicable with a note that µ 

represents effective attenuation coefficient 

with spectral characteristics included.  

 
 

3. RADIATION DOSE 
 

The exposure dose during CT scaner 

procedure presents a total amout of energy 

absorbed by patient during scaning 

procedure. The unit of this dose is Sievert 

(1 Sv=1 J/kg) and represents actualy 

absorbed enegry of 1 J per one kilogram 
body mass  

Stohastic health risk is quantified by 

effective dose. The effective dose is 

describe by formula (4): 

 

k k

k

E w H= ×å                 (4) 

where wk -represent tissue-weighted 
coeffitient and Hk  is corresponding dose 

for certain organ or tissue. In Table 1 is 

showen tissue-weight coeffitient for 

different kind of tissue. The tissue-

weighted coeffitient is non dimensional 

factor and reflects drensitivity of various 

tissue or organs on the ionizing radiation.  

 
Table 1 – Tissue-weighted coefficient for 

different tissues and organs  

Organ/tissue 

Tissue-weighted 

coefficient 

Breast 0.05 

Lung 0.12 

Esophagus 0.05 

Stomach 0.12 

Liver 0.05 

Intestine 0.12 

Skin 0.01 

Bone 0.01 

Other 0.05 

 

For practical reason the computed 

tomography dose index (CTDI) index is 

used to quantify the exposure dose during 

a CT scan. This parameter presents dose 

received by the patient during scanning 

procedure by a single tomography layer. 
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The CTDI index actually reflects the 

quality of the radiation depends on several 

parameters such as the type of filtering, 

geometry focus radiation including the 

focal length of the colimator factor. CTDI 

is defined as the integral of the dose profile 

for a single-slice along a line parallel to the 
axis of rotation divided by the nominal 

slice thickness: 

 
7

7

1
( )

T

T

CTDI D z dz
T



                 (5) 

 

where T denotes the nominal slice 

thickness and D(z) the dose distribution 

along a line parallel to the z-axis. This 
dose quantity includes the radiation 

scattered into the neighboring volume of 

the slice. For a varying slice thickness an 

integration interval from -7T to 7T results 

in a variable integration interval making 

measurements cumbersome.  

For practical reasons a more 

convenient definition of CTDI than that 

recommended by the FDA was established 

by using a fixed integration interval of 100 

mm. This value of T allows direct 

measurement of exposure dose using 
pencil ionization chambers length 100 mm. 

To include the absorption 

characteristics of a patient, CTDI 

measurements are performed within 

cylindrical polymethyl-methacrylate 

phantoms, 16 or 32 cm in diameter with an 

axial dimension of at least 14 cm. These 

CTDI phantoms carry bore holes in the 

center and 1 cm below the surface in four 

positions for an insertion of the ionisation 

chamber. 
On the assumption that dose in a 

CTDI phantom decreases in radial 

direction from surface to center, the 

average CTDI in an irradiated slice can be 

approximated by a weighted CTDI: 

 

CTDIw= CTDIc/3+2/3CTDIp           (6) 

 

Almost all modern CT system 

provides CTDI index value as an output 

parameter of scaning procedure inside 

DICOM record. In Table 2 [8] is 

represents maximum CTDIw value for CT-

examation. 

 
Table 2 – Dose reference levels for CT-

examinations  

Examination CTDIw (mGy) 

Brain, general 60 

Skull base 60 

Face and sinuses 35 

Petrous bone 60 

Vertebral and 

paravertebral structures 

70 

Lumbar spine, discal 

herniation 

35 

Spinal cord 30 

Osseous pelvis 25 

 

 

4. MONTE CARLO 

SIMULATIONS 
 

In The Monte Carlo method is 

stochastic procedure for simulation of a 

finite number particle transport by using 

random number generation. In every 
iteration suitable random numbers 

determine direction and space angle of 

particle trajectory, energy of particle and 

type of their interaction with transported 

medium (tissue). The appropriate variables 

are obtained as a mean value of finite 

numbers of iteration. The accuracy of the 

estimated values is proportional to the 

number of iterations. Monte Carlo is 

stochastic method because the variable 

being sought can be obtained only in finite 

volume but not in one point unlike 
deterministic method.  

If we consider motion of a particle, we 

should suppose a one point source with 

coordinates (0,0,0) as shown in figure 1. 
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Figure 1 - Cylindrical coordinate for X-

ray source and human head phantom 

 

Random direction of particle motion is 

defined by equations 

1

2

   arccos(1 ) 

  

 2

 2

 

 

 

 
       (5) 

where θ is polar angle, φ is azimuth angle 

and ξ1, ξ2 are random generated numbers 

with uniform density distribution in the 
interval (0-1).  

We should now suppose that the 

particle is passing through a much more 

homogenous region as shown on figure 2. 

Unit vector direction of particle 

motion is expressed by 

 

s1

X-ray 

source

s2
sΣ1

Σ2

Point of 

absorption

 
Figure 2 - Particle in non-homogenous 

media 

 
The regions are characterized by 

macroscopic cross sections for 

absorption 1 , 2  which are actually 

linear attenuation coefficients.  

Tracking starts by generating a new 

random number ξ3 and calculating the 

equation 

( )3
ln 1t x= - -                     (7) 

If we find 

1 1
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the interaction takes place in the region 1 

after it travelled the distance s1+s2+s in the 

region 1. 

1 1 2 2

1

s s
s

   



              (9) 

By analogy with this way we can find 

place of interaction and distance having 

been crossed for any region.  

If the particle meets the requirement 

for interaction we will have increment of a 

total received dose of radiation for the 

amount of photon energy, otherwise there 

is no absorption and photon comes to 

detector without loss of energy. 

 
 

5. RESULTS AND DISCUSSION 
 

The first step in this study was to 

determine spectrum of X-ray source. We 

used low dose 3DCT scanner [9], X-ray 

tube Model XRS-125-7K-P for X-ray 

production with 4 mm aluminium filter 

and power supply voltage and current 120 
KV and 5 mA respectively. 

Calculation of the spectrum was 

performed by Spek-Calc [1] a software for 

X-photon spectrum estimation. The mean 

energy is E=73.72 KeV. The next step is 

geometry determination of the problem 

and for this we used CT image as shown in 

figure 3. 

 

 
Figure 3 - Multi slice CT image 
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CT images are segmented and surface is 

produced for human head. The geometrical 

model is divided into three regions with 

corresponding attenuation coeffitient 

Figure 4.   

 

Cortical 

Bone

Soft 

tissue

Air shell

 
Figure 4 - Head model divided into three 

regions 
 

This value for effective energy is 

E=73.72 KeV and attenuation coeffitient 

are: 

 Σ1=0.87 cm-1 (Bone tissue 

external elipsoide) 

 Σ2= 1.64x10-6 cm-1  (Air shell 

internal sphere) 27 mm 

 Σ3 =0.21 cm-1  (Soft Tissue 

intermediate elipsoide) 

The linear attenuation coeffitient Σ1, 
Σ2 and Σ3 are actualy macroscopic 

effective crossection and they are obtained 

by an averaging on the domain. 

During imaging procedure X-ray 

source rotates around head of patient, the 

procedure is finished when the source has 

closed a full circle. In our case we need to 

apply discretization by dividing full circle 

into ten segments. Each of these segments 

represents one direction source-detector 

between which there is object. For every 

direction we apply procedure described in 

section 3. The total amount of absorption 

energy is 8 % of initial radiation what 

corresponds to a received dose of 112 µS. 
 

 

6. CONCLUSION 

 
In this study we have briefly presented 

basic relation and technique of CT imaging 

method. Critical point of radiology quality 
today is exposure dose of X-photon 

radiation during scaning procedure. 

The main goal of our research is 

estimation of the absorbed radiation dose 

using Monte Carlo method of X-photon 

transport in head tissue of the patient. For 

simulation we have created geometrical 

model from CT images. The model is 

divided into a number of regions with 

realistic dimensions and attenuation 

coefficients obtained from spectra data and 
multislice human head phantom. 

The final dose is around 112 µS and 

this result is comparable with 

measurement value of 35 µS. 

There are several goals of future 

research: to improve accuracy by using a 

more realistic geometrical model with a lot 

of sub-domains in model or even voxel 

representation of model, to do calculation 

which would include the attenuation 

coefficient dependence on energy and to 

take consider scattering of photon during 
simulation procedure. 
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