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Abstract. The objective of this work is to produce synthetic digital radiographs from synthetic phantoms with 

the use of a Computational Model of Exposition (MCE). The literature explains a model consisted on a phantom, 

a Monte Carlo code and an algorithm of a radioactive source. In this work it was used the FAX phantom (Female 

Adult voXel),besides the EGS4 system code Elétron Shower-range version 4) and an external source, similar to 

that used in diagnostic radiology. The implementation of MCE creates files with information on external energy 

deposited in the voxels of fantoma used, here called EnergiaPorVoxel.dat. These files along with the targeted 

phantom (fax.sgi) worked as data entry for the DIP software (Digital Imaging Processing) to build the synthetic 

phantoms based on energy and the effective dose. This way you can save each slice that is the stack of pictures 

of these phantoms synthetics, which have been called synthetic digital radiography. Using this, it is possible to 

use techniques of emphasis in space to increase the contrast or delineate contours between organs and tissues. 

The practical use of these images is not only to allow a planning of examinations performed in clinics and 

hospitals and reducing unnecessary exposure to patients by error of radiographic techniques. 
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1. Introduction 
 
The conventional radiography is one of the most widely used in medical examinations. In this context, 

the conventional radiographic film has been used as the first option to record internal images of the 

human body [1]. However, with technological developments, modern equipments are being created to 
facilitate radiodiagnostics procedures in Medicine. They are used to minimize possible errors 

associated with human activity. These equipments capture and convert analog signals into digital 

signals that will provide digital images. Thus, these images (usually a stack of cross images of a 

human body) can be stored in files. A number of these image files, when put together, can form a 

model of antropomorfic elements of volume - the so-called phantom (neologism of the English word, 

phantom, used as a synonym in this work for model) of voxels as Golem [2], MAX (Male Adult 

voXel) [3] and FAX (Female Adult voXel) [4]. 

 

These phantoms are attached to Monte Carlo codes (MC) as the Electron-Gamma Shower version 4 

(EGS4) [5] and MCNP (Monte Carlo N - Particle) [6]. These codes simulate the transport of radiation 

through the organs and tissues radiosensitive targeted in the phantoms, the interaction of radiation with 

a substance contained inside, the deposition of energy and estimate the coefficients of Conversion 

(CC) (relationship between some dosimetric magnitude of interest and measurable quantities). 

Usually, all formed by phantom, by the MC code and by algorithms for radioactive sources is listed as 

an MCE [3]. In this work, the output phantoms are called synthetic phantoms and the views obtained 

sagittal, coronal or cross, at any depth, are called synthetic digital radiography. These synthetic 
phantoms can become an useful tool to aid in medical diagnosis since concentrate three-dimensional 

information of the distribution of energy deposited in each voxel of the model used. Thus, the 

distribution of energy can result in a distribution of shades of gray similar to that seen in conventional 
and digital radiography of 8 bits. 

 

Thus, the voxels with maximum energy and minimum can be labelled, for example, for the range 
between 0 and 255, respectively in synthetic phantoms. Therefore, the objective of this work was to 



2 

use computer models of exposure such as FAX / EGS4 [4] to produce synthetic digital radiographs 

that will be enhanced with the use of the DIP software (Digital Image Processing) [7] to better human 

perception. 

 
2. Review of Literature  
 

2.1 Use of Monte Carlo Techniques in Dosimetry 
 

The techniques of Monte Carlo (MC) simulation are referenced in the literature as an important tool in 

the estimation of doses absorbed in the human body due to radiation [8]. A key use of MC techniques 

is in dosimetry, where it is possible to make computational simulations of the ionizing radiation 

transport in the area. The interaction of particles with the environment is a probabilistic event in 

nature. Thus, the estimated distribution of doses (absorbed and effective, for example) involves 

computer calculations using the MC techniques, allowing the calculation of energy deposited in 

anatomical structures of interest. Thus the passage of X-ray photons through the organs and tissues of 

the human body, its interactions with the atoms of the medium and evaluation of energy deposited are 

some of the undertaken tasks by the MC code used in this study, which is the EGS4 [5]. The choice of 
this code is supported by its credibility in the scientific community and also because it is available for 

non-commercial use in electronic page http://rcwww.kek.jp/research/egs/egs4 [10]. Too many works 

in DEN - UFPE (Department of Nuclear Energy-Federal University of Pernambuco) used the Monte 

Carlo techniques to make simulations involving photons and electrons. Loureiro implemented the MC 

techniques to obtain coefficient of conversion (DC) between equivalent dose and exposure to the skin 

surface, allowing estimate the distribution of dose in patients undergoing dental radiographs; 

researched the influence of parameters such as patient's age, distance-source skin, the skin area of field 

equipment and the tension in the estimation of DC [11]. Vieira has applied the MC techniques to 

calculate rates of absorbed dose determining isodose curves and reduced the cost of computing in 
planning brachytherapy [9]. Loureiro has developed a MCvoxEL computer program to simulate the 

transport of radiation in tomographic models; improved the process of targeting organs and tissues; 

validated its dosimetric programme comparing it with similar published results; he also has obtained 
radiographs with virtual images cuts (sagitais, coronal and transverse) showing regions of isodose 

[12]. Santos developed a MCE engaging the Monte Carlo code EGS4 to MAX voxels phantom to 

assess absorbed dose in human beings exposed to external sources of radiation in accidental situations. 

For this, one general point source was developed to be put in arbitrary positions in relation to the 

human body [13]. Besides the MC techniques, there are antropomorfic exposure models that are also 

important tools for dosimetry and radioprotection, since you can not directly measure the energy 

deposited by radiation in the organs and radiosensitive tissues. Among these models presented in the 

voxels sequence models, with emphasis on MAX and FAX phantoms. 

 
2.2. Antropomorfic Exhibition Models 

 
The antropomofic models of exposure can be divided into physical and computational. Among the 
physical models, the most widely used in experimental practices is the Alderson-Rando model [13], 

composed by auman skeleton (head and torso), coated with two types of material: with a similar 

density to the soft tissue and another one with a similar density to the lungs. The computer models can 
be divided into mathematical and in voxels. In antropomorfic mathematical models, the body organs 

are represented by geometric shapes such as flat surfaces, cylindrical, conical, spherical or elliptical. 

An example of mathematical phantom of important contribution to dosimetry is the MIRD-5 (Medical 

Internal Radiation Dose Committee, pamphlet No. 5) phantom [15]. Even based on MIRD-5, Kramer 

et al built the mathematical models and ADAM EVA to assess external exposure doses in the photons 

[16]. Stabin et al developed mathematical models of non-pregnant female and in different periods of 

pregnancy (3, 6 and 9 months) to calculate specific fractions of energy for internal dosimetry [17]. 

 

Because of the complexity of human anatomy be a considerable obstacle to acquisition of more 

realistic results, it was necessary to build models more accurate and efficient related to the 

representation of human anatomy and obtaining dosimetric quantities of interest obtention. Allied to 

computational advance, Zubal et al built the VOXTISS8 model [18] which served as basis for the 
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construction of MAX [3] and FAX [4] phantoms. The FAX phantom[4] was developed from a CT 

scan of a 37-year-old woman. This phantom also appears in the same EGS4 coordinate system, with 

the same dimensions, except for the z axis consisted of 453 slices and a ceiling for this axis of: 453 

pixels x 0.36 cm = 163.08 cm . Updated versions of MAX and FAX called MAX06 and FAX06 [19] 
were built in 2006, which included new regions targeted as parts of the body responsible for the 

breathing, the lymph nodes and salivary glands according to the revised concept for effective dose. In 

2007, Leal Neto used coupled voxels phantoms to the EGS4 code to make MC simulations. He created 
a graphical user interface called VoxelDose that reads a database with various simulations of radiology 

diagnostic examinations and returns to a text file or printed one based on the outcome requested 

technical information that the user must switch to the program [20]. 

 

3. Materials and Methods  
 

Initially, searched up routines techniques were researched to carry out examinations of conventional 

chest and abdomen radiographic. These routines are technical guidelines that radiologists use to hold 

the patients’ examinations in clinics and hospitals [21]. This has identified the parameters of 

conventional radiographic technique, such as the dimensions of the film, and film-distance source of 
energy spectrum to be used and they were used in this work, as operational data of entry for the 

construction of the Expo.input.dat file necessary  to the MCE implementation.  

 

The configuration of the computer should be as the block diagram of Figure 4 for the MCE 

implementation of the FAX/EGS4. For this diagram, you must install the EGS4 operating system in a 

primary folder called C: EGS4. This folder contains two other folders called MORTRAN, not 

manipulated by the user, and EGS consisted of three sub-folders called MAX, FAX and USERCODE. 

The MAX folders and FAX files have the necessary for the MCE implementation. These files are: the 

mspectra.dat which contains the spectrum of energy to be used, the pegs4.dat with the basic 
composition of the phantoms, organs and sections of shock according to the energy, which contains 

fax.data geometry of fantoma FAX , Organized a special format, the fax.bone.data containing the 

geometry of the phantom skeleton  and Expo.input.dat file with operational data of the simulation. 
This file is built with the use of FANTOMAS software [22]. 

 
Figure 1: Window Data Entry to Create the Expo.input FANTOMAS software. 

 

 
 

Figure 1 provides a window of Data Entry to Create the Expo.input of this software, where the user 

must enter the information about the type of the anatomical region with 0 to 1 for chest and abdomen, 

choose the spectrum of energy among all 61 listed in mspectra.dat file, the distance source-film (DFF), 

choose the size of the field to be irradiated, choose the ID of the source to be used among the 14 

already catalogued in the EGS system, select the number of stories or photons and appoint the output 
phantom. The USERCODE folder contains, besides FAX and MAX folders, the max.code.mor file 



4 

and fax.code.mor one with specific modifications to this work. All this mass of data is compiled on the 

environment FORTRAN to obtain the files max.for and fax.for that are collected and linked to obtain 

the executable files max.exe and fax.exe. 

 
Figure 2: Diagram showing MCE files and folders. 

 

 
 

The MCE implementation as shown in Figure 2 generates among other files the file 

EnergiaPorVoxel.dat that contains information on energy deposited in the phantom voxels used. These 

files are transferred to the internal matrices in the DIP code. The energy values are scaled to the 

interval [0, 255] and, based on the binary file for the targeted phantom, the voxels read these matrices 
are stacked among synthetic phantom based on energy. Despite the low contrast of images, this is the 

primary product of the work presented here. To improve the contrast is primarily used the information 

available on the ICRP 60 [23] about the radiosensitive weighting of organs and tissues of the human 
body in assessing the effective dose. To enter in the DIP code this information it has been defined a 

vector containing the internal WT weights (tissue weighting factor of the ICRP 60 processed according 

to the equation 1: 

 

wDIP = 2wT + 1      (1) 

 

So with these values of WDIP were inserted into DIP allowing the construction of synthetic phantoms 

with better contrast among the anatomical structures, since the magnitude WDIP represents the 

weighted contribution of organs and radiosensitive tissues. Thus, the EnergiaPorVoxel.dat file together 
with the targeted fax.sgi phantom constitute the input data for the DIP software [7] in the construction 

of 06 synthetic phantoms for each one of these files, with 03 phantoms based on energy and 03 based 

on cross-sagitais and coronal dose projections. Figure 3 shows the main window of the DIP software 
where the user must access the menu Studies → Theses and Dissertations → Digital Radiographs 

Sintétitcas-DEN-UFPE → Fantomas Sintéticos Based on Energy and dose. 
 

 

Figure 3: Main window of the DIP software showing a submenu for construction of synthetic 

phantoms. 
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As the goal is the construction of radiographic images for on radiosensitive tissues and organs view, it 

was used only a projection based on coronal dose, to allow a better visibility of a bigger quantity of 

these bodies. Each synthetic phantom is made, in coronal projection, of 74 slices which allows the user 
to save each slice to implement the techniques of emphasis in space provided by the DIP software. 

Figure 4 presents DIP main window with some of the emphasizes techniques of digital images in 

space. After saving a slice of synthetic phantom, the user can access the menu Space → Filters Non-
Linear → Maximum → A  picture.... 

 

Figure 4: DIP main window, highlighting one of the images improvement methods. 

 

 
 

The DIP software, developed in C + +, aims, among other features, to operationalise the images 

processing through emphasis techniques. These highlighting techniques can be divided into two broad 
categories: one in space and another one in the field of frequency [7]. The term refers to the space 

location of image pixels. In general, the input image is transformed through a direct manipulation of 

its pixels, or the manipulation of a given pixel in relation to its areas around. This manipulation is done 

by means of filtering with mask and also by convolution. To select the techniques of emphasis is 

necessary that the user has previously defined his goals with the images, such as extracting noise, 

discriminate details, detecting edges, increase contrast and so on. Generally, a practical way is to rely 

on any information provided by the image of entry as the histogram which is to provide the 

distribution of the frequency of shades of gray in the image of entry. With this information, the user 

can decide, for example, on expansion or compression of the dynamic range of shades of gray in the 
output image. For this work some techniques were used to standardize and expand the range of shades 

of gray in the output image, since they were very dark. To standardize regions that received little 

energy deposited were used the average, median and maximum filtering. The first, referenced in the 

literature as a kind of filter linear low-pass, is to place the average values of shades of gray in the 

output image. The second, known as non-linear filtering, is to replace the values of shades of gray by 

the median of a distribution of shades of gray. The third is to replace the values of shades of gray by 

the maximum value of the gray tone distribution. 

 

To expand the dynamic range of shades of gray of the input image, transformations of shades of gray 

were used. These changes are listed as three functions: linear, logarithmic and potential. Figure 5 
presents the functionality of each one of them. Figure 5a, the expansion depends on the values 

assigned r1 and r2 (image of entry) and s1 and s2 (images of exit). Figure 5b, the expansion depends 

on the values assigned to γ, where the smaller this value is darker the image of entry is too and larger 
is the expansion in the exit. Figure 5c, the expansion depends on the value assigned to r, where as 

darker image of entry is the largest expansion of dynamic ranges will be.  
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Figure 5: Graphic illustration of the changes in images: (a) three-linear functions. (b) potential. (c) 

logarithmic. 

 

 
(a) 

 
(b) 

 
(c) 

 

4. Results and Discussion  
 

4.1 Synthetic Digital Radiographs Based on Energy and on Dose  

 
Figure 6a presents slice 27 of synthetic phantom Energia_Fax_0_AP_5_100_35_43_Coronal.sgi and 

6b corresponds to slice 27 synthetic phantom and Dose_Fax_0_AP_5_100_35_43_Coronal.sgi. 

ensuring visually a better contrast between images of dose and images based on energy because of the 

wDIP values. As the radiosensitivity the various organs and tissues varies, the values of wDIP cause 

an increase in contrast between the soft tissue shown in Figure 6b.  

 

Figure 6: Slice 27 of synthetic phantom Fax_0_ AP_5_100_35_43_Coronal. (a) based on energy (b) 

based on dose. 

 

 
(a) 

 
(b) 

 

Both images were treated with a transformation of three linear functions to enable the analysis the 

differential of images based on differential dose comparing to images based on energy. As can be seen 

in Figure 6b there is a major difference of contrast between the gland hepatic (liver) and the tissues of 
the areas around, namely that the weight (WDIP) to the liver is different from that for fat, soft tissue and 

muscle. This difference separates organs from the surrounding soft tissue. This comment applies to the 

other organs and radiosensitive tissues that have regions with different WDIP regions. Therefore, the 
synthetic radiographs to be developed in this work from now on are based on dose. 

 

 

4.2 Synthetic Digital Radiographs Based on dose Enhanced by the DIP software  
 

To obtain the synthetic phantoms based on an estimate of the effective dose (here called synthetic 

phantoms based on dose) were used phantoms based on energy and organs weights and radiosensitive 

WDIP tissues constructed by the application of Equation 1. As the radiosensitivity the various organs 
and tissues varies, the values of WDIP cause an increase in contrast between the soft tissue. Figure 
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presents the 7th slice 37 of the stack of images of synthetic phantoms 

Dose_Fax_0_AP_5_100_35_43_Coronal. This is a radiography in the raw state with the weighting on 

the radiosensitivity related to the organs and tissues and without the application of techniques for 

enhancement of digital images. Despite the image of Figure 7a shows distinction between organs and 
soft tissues, yet there is little contrast. The histogram presented in Figure 7b shows the compression of 

the range of shades of gray between 0 and 16. These problems can be reduced using the techniques of 

emphasis in space. So it was used an average filtering to standardize in the same pixels region that 
have received different amounts of energy. After that, it was applied to a transformation of three linear 

functions to expand the dynamic range of shades of gray, since it can be compressed by the histogram 

in Figure 7b. 

 
Figure 7: In (a) slice37 of synthetic phantom Dose_Fax_0_ AP_5_100_35_43_Coronal and (b) 

histogram. 

 

 
(a) 

 
(b) 

 

The image of Figure 7a processed is shown in Figure 8a. In the latter, it is possible to see different 

shades of gray and can be distinguished the gray tones of organs and tissues since and organs like 

liver, lungs and stomach have different shades. Looking up the histograms of Figures 7b and 8b can be 

said that there was expansion of the dynamic range of shades of gray improving the contrast. The 

energy deposited had a more uniform distribution in the phantom and the resulting image presents 

itself with better contrast, resulting in an image with better definition of radiosensitive anatomical 
structures.  

 

Figure 8: In (a) image of the Figue 7a after average filtering and a transformation by three linear 
functions and (b) histogram. 

 

 
(a) 

 
(b) 

 

Figure 9 shows pictures of the chest synthetic phantom Dose_Fax_0_AP_5_100_35_43_Coronal 

where were used highlight techniques to standardize the distribution of energy deposited in the 
phantom voxels such as average, median and maximum filter shown in the images of Figures 9a, 9b 

and 9c. On the following, the three linear functions, and logarithmic potential transformations were 

applied. The use of these techniques was aimed at expanding the ranges of dynamic shades of gray, 
presented on the images of Figures 9d, 9e, 9f, 9g, 9h, 9i, 9j, 9l and 9m. Comparing to the image of 

Figure 7a and images obtained in Figure 9, it is possible to ensure that the region of interest 

information could not be viewed without the use of combinations of techniques for emphasis. 
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Anatomically, now one can view differences between organs such as lungs, livers, ribs and 

mediastinum, since they present different shades of shades of gray because of the split-effective dose 

and weighting wDIP tissue the factors were used. 

 
Figure 9: Slice 37 of synthetic phantom Dose_Fax_0_ AP_5_100_35_43_Coronal after filtering by 

technical emphasis on synthetic digital radiography. In (a) average filtering. (b) median filtering. (c) 

maximum and combination of filtering techniques: (d) and average potential. (e) median and potential. 
(f) and maximum potential. (g) average and three linear functions. (h) median and three functions. (i) 

maximum and three linear functions. (j) and average log. (l) and median logarithmic. (m) maximum 

and logarithmic. 

 
Average filtering Median Filtering Maximum filtering 

 
(a) 

 
(b) 

 
(c) 

Media and Potential Median and Potential Maximum and Potential 

 
(d) 

 
(e) 

 
(f) 

Media and Three Linear Functions  Median and Three Linear Functions Maximum and Three Linear Functions  

 
(g) 

 
(h) 

 
(i) 

Media and logarithmic Median and logarithmic Maximum and logarithmic 

 
(j) 

 
(l) 

 
(m) 
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5. Conclusion  

 
The radiographs produced in this work are cuts (sagital, coronal and transverse) of synthetic phantoms based on 

fractions of effective dose, after being subjected to some combination of emphasis techniques. The use of these 

sets of images in the planning of examinations of diagnostic radiology certainly will be useful to give visual 

information to the doctor about the depth distribution of dose along a direction. Also this information can reduce 

the possibility of wrong diagnoses and unnecessary exposure to patients. As prospects, it is necessary to create a 

database with these phantoms of two genders and in different ages for more frequent reviews of diagnostic 

radiology, including inserting lesions and tumors in them. 
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