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DynamicMC: An Open-source GUI Program Coupled with MCNP for Modeling
Relative Dynamic Movement of Radioactive Source and ORNL Phantom in a

3-dimensional Radiation Field
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Abstract—The present work introduces an open-source graphical
user interface (GUI) computer program called DynamicMC. The
present programhas the ability to generate ORNLphantom input
script for the Monte Carlo N-Particle (MCNP) package. The rel-
ative dynamic movement of the radiation source with respect to
the ORNL phantom can be modeled, which essentially resembles
the dynamic movement of source-to-target (i.e., human phantom)
distance in a 3-dimensional radiation field. The present program
makes the organ-based dosimetry of the human bodymuch easier, as
users are not required to write lengthy scripts or deal with any pro-
gramming that many may find tedious, time consuming, and error
prone. In this paper, we have demonstrated that the present program
can successfully model simple and complex relative dynamic move-
ments (i.e., those involving rotation of source and human phantom
in a 3-dimensional field). The present program would be useful for
organ-based dosimetry and could also be used as a tool for teaching
nuclear radiation physics and its interaction with the human body.
Health Phys. 124(4):301–309; 2023
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INTRODUCTION

THE USE of the Monte Carlo (MC) technique for modeling
radiation interactionwithmatter has been found to bevaluable,
particularly when employing human phantoms to study the in-
teraction of ionizing radiation with organs in the human body
(Hakimabad andMotavalli 2008; Park et al. 2006; Krstic et al.
2014; Qiu et al. 2008; Han et al. 2006; Krstic and Nikezic
2007; Krstic and Nikezic 2009; Shahmohammadi Beni et al.
2021a, 2017; Kramer et al. 2002). Several types of human
phantom models were developed with different ranges of
complexities and details. Generally, threemain types of widely
used phantoms would be (1) analytical, (2) voxel, and (3)
mesh-type phantoms. The human organs in analytical phan-
toms are defined using 3-dimensional (3D) analytical equations
(Zankl et al. 1992;Yamaguchi 1994;Chouet al. 2003;Kimet al.
2006). On the other hand, human organs in voxel phantoms are
defined using a large number of small elements (i.e., volume-
pixels) (Xu et al. 2000; Caon 2004). The mesh-type phantoms
were developed by converting voxel phantoms to a high quality
mesh format (Kim et al. 2018)

Previously, Oak Ridge National Laboratory (ORNL)
proposed analytical equations to model the human body,
and we used these data to generate mathematical phantoms
of the human body for the Monte Carlo N-Particle (MCNP)
package (Krstic and Nikezic 2007). The developed ORNL
phantoms were widely used in studying the interaction of
several types of ionizing radiations with the organs in the
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mailto:mehrdad.shahmohammadi.beni.d5@tohoku.ac.jp
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.health-physics.com


302 Health Physics April 2023, Volume 124, Number 4
human body (Shahmohammadi Beni et al. 2021a, 2017). In
addition, we recently developed the MCHP (Monte Carlo
simulations + Human Phantoms) platform to facilitate
teaching nuclear radiation physics, mainly to enhance stu-
dents’ understating of the interaction of ionizing radiation
with the human body and the importance of shielding in re-
ducing the absorbed dose to vital organs (Shahmohammadi
Beni et al. 2021b).

Despite that ORNL phantoms are being used widely,
new users as well as those experienced may find scripting
these phantoms error prone and rather tedious, mainly due
to the fact that the input scripts of ORNL phantoms are rather
lengthy (>400 lines). In addition, the movement of the modeled
phantom relative to the radiation source would be an important
step toward a realistic scenario where occupational workers
move in the radiation field. A number of previous investigators
studied irradiation of the human body in clinical setups by
modeling radiotherapy rooms with most features such as the
linear accelerator, human phantoms, irradiation room, treat-
ment couch etc. Shahmohammadi Beni et al. and François
et al. found the use of the MC method with modeled human
phantoms to be valuable in determining the exact absorbed
dose in different human organs, which would be practi-
cally tedious if not impossible to measure experimentally
(Shahmohammadi Beni et al. 2017; François et al. 1988). The
relative movement of the radiation source with respect to the
human phantom was not considered in a dynamic manner.
These relative movements would not be important for a pa-
tient under radiotherapy, as the location of the patient would
be fixed under the beam of radiation during the treatment pe-
riod.However, thesemovements are important for occupational
workers who deal with ionizing radiation; for example, those
radiation workers dealing with radioactive sources, medical
workers (Boice et al. 2020), positron-emitting radioisotopes in
medical imaging (Demir et al. 2011), nuclear reactors (Auvinen
et al. 2002), radioactive wastes (Ewing et al. 1995; Weber and
Roberts 1983), nuclear severe accident aftermaths (Kopecky
et al. 2006; Harada et al. 2014; Ishikawa 2017), and radioactive
fallout from nuclear detonations (Simon et al. 2022).

Most occupational workers would wear passive detec-
tors such as thermoluminescent dosimeters (TLDs) (Olko
et al. 2006; Sneha et al. 2010) or glass dosimeters (Hsu et al.
2006) on their chest to monitor their absorbed radiation
doses. However, using such passive detectors outside of
the body would not provide an accurate measure of the ab-
sorbed dose in each organ. Employing the MCmethod with
human phantom models, it would be possible to determine
the absorbed dose in different organs in the human body at
a given point in a radiation field. Depending on the number
of locations in the radiation field for which one wishes to
score dosimetric quantities, the complexity of the modeling
process will vary. Upon having more specified locations to
score dosimetric data from the modeled phantoms, the num-
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ber of input scripts that one needs to prepare, run, debug, and
extract output data would increase. Such processes would
be tedious, time consuming, and error prone. Therefore, it
is pertinent to develop an easy-to-use software that can au-
tomatically generate human phantoms and allow the users
to control the parameters of the irradiation setup. In the present
work, we have developed an easy-to-use open-source graphical
user interface (GUI) computer program named DynamicMC
coupled with theMCNPMC package. The present program
can simulateORNLphantoms in user-defined locations and in
a user-defined radiation field in a dynamic manner. Using
DynamicMC, users do not need to perform any coding/
scripting to model complex ORNL phantoms in their desired
radiation field. It is anticipated that the present program will
be useful for future studies in the field of nuclear radiation
physics both from research and teaching perspectives. The
present computer program and its source code are distributed
under a GPLv3 license, so users can freely download, modify,
and redistribute the program without any restrictions.
MATERIALS AND METHODS

Structure of DynamicMC program
The program has four main parts; namely, (1) GUI, (2)

graphical coordinate input, (3) dynamic phantom generator,
and (4) shell run script. The simplified view of the program
structure is shown in Fig. 1. Initially, users interact with the
GUI and provide the required inputs to the program. The
GUI was written in C++ programming language using the
QT5 libraries (https://www.qt.io/). The core part of the pro-
gram is the dynamic phantom generator module that was
written in FORTRAN90 programming language. A dedicated
graphical coordinate input program was developed using C++
programming language using SFML libraries (https://www.
sfml-dev.org/), which enables the users to graphically set the
relative movement of the radiation source and an adult male
ORNL phantom in the radiation field.

The dynamic phantom generator has four main parts
that communicatewith the main program (see Fig. 1). Based
on the user inputs, ORNL phantoms would be generated at
user-specified locations in the radiation field, and their respec-
tive run sequence and run file would be generated. It needs to
be noted that a correct execution of sequences of the phantom
movement would be important in reflecting realistic scenarios,
where the phantommoves from point A to B and so on. Incor-
rect execution of movement sequences will result in incorrect
output results; therefore, the sequencer and run file generator
modules are important parts of the program.

Graphical user interface
The entire DynamicMC program has about 3,800 lines

of code executable in GNU/Linux and MacOS terminal en-
vironments. The GCC (https://gcc.gnu.org/) compiler pack-
age was used to compile the present program. The program
sics.com
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Fig. 1. A simplified view of the DynamicMC program structure.
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GUI is shown in Fig. 2, which can be run by users to set the
required inputs such as source definition (discrete or spec-
trum), beam energy, number of spectrum energy and proba-
bility points, source particle type, source material, source
density, source radius (source considered to be a sphere in
this program), transport mode, particle type to tally, importance
of particles in the model, number of coordinates (on xy plane)
for dynamic movement of the phantom, source height relative
to the human phantom height, number of histories, and MCNP
path for the program to invokeMC run on the generated scripts.
It needs to be noted that the current version of the DynamicMC
program does not take time range values; rather, it takes coordi-
nates of relativemovements at different time points. This type of
input provides a better flexibility for the users to control these
relative movements rather precisely. Another option would be
the material definition option (i.e., mat. opt. shown in Fig. 2),
Fig. 2. DynamicMCGUI in action with default test parameters for irradiation o

www.health-phy
where the users would have the ability to define materials either
in atomic percent (at%) or weight percent (wt%) in the present
program. The examples shown in the present paper have used
atomic percent material definition.

Button callbacks/functions
The callback buttons in the GUI were programmed to

perform different tasks; for example, the “Graphical input”
button runs the dedicated graphical coordinate input program
where users can simply choose xy coordinates to determine
the distances between the source and the phantom. The set
of boundary conditions was implemented into the graphical
coordinate input program so those so-called “out-of-bound”
coordinates will not be saved. These boundary conditions will
make sure that the radiation source will not overlap with the
phantom, considering the user-inputted source radius; this
f ORNL phantom at four different positions by a 137Cs radioactive source.
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Fig. 3. Graphical coordinate input program in action with out-of-bound and within-bound examples.
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makes the task easier for the users to have error-free MC runs.
The out-of-bound andwithin-bound examples of the graphical
coordinate input program are shown in Fig. 3.

In the present work, the maximum size of the radiation
field inx, y, andzdimensions is set tobe900� 900� 900cm3.
Therefore, the graphical coordinate input program window is
set to be 900� 900 pixels, and every pixel has an integer value
that would be used as the distance between the source and
the phantom chosen by the user. The 900� 900 pixels were
translated into four quadrants in a two-dimensional (2D)
cartesian system, which would provide a range from −450
to 450 cm for the x and y axes, respectively. For more ac-
curate coordinates, users can input these numerically di-
rectly into the GUI as shown in the “Dynamics” section of
Fig. 2. Furthermore, the “Generate phantom(s)” button
would create a set of phantom input scripts, run files, and
run sequence files based on user inputs. The “Run MCNP”
button invokes MCNP to run the generated input scripts
for dynamic movement of the modeled phantom based on
the user-defined path to the MCNP executable file on their
computer system.

Autogenerated organ tallies
The present program automatically adds flux (F4) and

energy deposition (F6) tallies for a number of important or-
gans, such as right and left lungs, skin, liver, stomach and
content, testes, brain, spine, skull, thyroid, kidneys, pancreas,
spleen, and heart. Flux and energy deposition tallies would
be added automatically to every generated phantom in the
user-defined dynamic set. In addition, users can add custom
tallies for their desired cases to the program source code and
recompile the entire program. The program and its full source
code can be downloaded from: https://figshare.com/articles/
software/DynamicMC/20486118.
www.health-phy
Computational scheme
Since the program automatically generates the lengthy

input script for the adult male ORNL phantom, it would be per-
tinent to benchmark this with the original ORNL phantom
script that we have initially developed for theMCNP package
(Krstic andNikezic 2007). In the initial ORNLphantommodel,
a point-like 137Cs source was placed in front of the face of
the phantom at a distance of 1 m. The generated input script
using the DynamicMC program and the snapshot of the en-
tries used in the GUI can be downloaded from https://
figshare.com/articles/software/DynamicMC/20486118.

Two different dynamic examples were chosen to dem-
onstrate the capabilities of the present program. The first ex-
ample simulates a photon transport problem with 1 MeV
photons irradiating the human phantom at four different lo-
cations. The coordinates of the source-to-phantom relative
movement were (0, 50), (100, 0), (0, −50) and (−100, 0) at
time t1, t2, t3, and t4, respectively (note that all length units
are in cm). The source was placed at a height 50% of the to-
tal height of the phantom. The source radius was set at 1 cm,
and the source material was assumed to be air (i.e., virtual
photon emitting source in ambient air). The movements
between the source and the phantom for this example are
shown in Fig. 4.

The second example simulates a neutron transport prob-
lem with 10 MeV neutrons irradiating the human phantom
at 10 different locations. The source was placed at a height
96% of the total height of the phantom. The source radius
was set at 2 cm, and the source material was assumed to be
air (i.e., virtual neutron emitting source in ambient air). The
movements between the source and the phantom movement
for this example are shown in Insert Fig. 5.

Themodeled phantom and the sourcewere placed in an
air-filled room. The phantom is set to be fixed at the origin
sics.com
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Fig. 4. Representation of movement between the source and the phantom viewed from the xy plane (i.e., top view) used in the first example.
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while the source moves relative to the phantom position. It
needs to be noted that there is no difference betweenmoving
the source relative to the phantom or vice versa, since the
dynamic changes in the relative distance between the source
and phantom would be the same in both cases. Users who
wish to strictly interpret the movement of the phantom rela-
tive to the source can simply change the direction of their
coordinate inputs. For example, if the phantom must move
100 cm in the positive x-axis direction and 50 cm in the neg-
ative y-axis direction, the inputs to the program would be
(−100,50). This shows that the source should move 100 cm
in the negative x-axis direction and 50 cm in the positive
y-axis direction. However, movement of the source relative
to the phantom should be rather straightforward andmore eas-
ily handled by the users. In addition,moving the source (which
is a spherical isotropic source emitting particles in all direc-
tions) would make the task easier for users to model rotation
of the source relative to the phantom. However, the present
Fig. 5. Representation of movement between the source and the phantom v

www.health-phy
version of the program does not support special cases in-
volving complex rotations; for example, transmission scan
for medical imaging that involves complex rotations and
relative coordinate calculations between the source and the
target. All computations were performed using the MCNP5
package (X-5 Monte Carlo Team 2003).
RESULTS AND DISCUSSION

Benchmarking of ORNL phantom generator
The main part of the program is the phantom generator

module, which is responsible for creating the ORNL phantom
input script for the MCNP package. The comparison between
the original ORNL phantom script (Krstic and Nikezic 2007)
and that generated by DynamicMC is shown in Fig. 6.

The comparison shown in Fig. 6 verifies that the organ
doses from the original ORNL phantom and those generated
by DynamicMC are in close agreement. Slight differences
iewed from the xy plane (i.e., top view) used in the second example.
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Fig. 6. Comparison between the organ doses of the original ORNL phantom (Krstic and Nikezic 2007) and that generated by DynamicMC pro-
gram developed in this work.
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are due to (1) different versions of MCNP employed, (2) dif-
ferent operating systems used to run these computations, and
(3) only integer intervals of 1 cm were used in the slider in
DynamicMC when defining the source height (see Fig. 2).
In the original ORNL phantom, the source was placed at
91.45 cm; however, using DynamicMC, users can only
set integer height values. Despite the slight differences be-
tween the organ doses shown in Fig. 6, the generated
ORNL phantom usingDynamicMC is deemed accuratewhen
Fig. 7. Organ doses calculated at four different locations in a 1 MeV ph
between the source and the phantom in the radiation field. Relative statist
to be insignificant.

www.health-phy
compared with the original ORNL phantom. In addition to
the comparison using numerical organ doses, a graphical
comparison using visualization has also been presented in
Fig. A1.
DynamicMC example 1: photon irradiation of ORNL
phantom with four relative movement coordinates

The absorbed dose in the spine, brain, thyroid, skin,
and testes at four different locations within the radiation
oton radiation field. The inset shows dynamic relative movement
ical uncertainties associated with the MC computations were found

sics.com
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field were calculated and are shown in Fig. 7. It needs to be
noted that the ORNL phantom is facing position 3 in all
cases (see Fig. 4). From the results shown in Fig. 7, it can
be seen that organ dose varies with the change of relative
distance between the source and the phantom. At position
1, the source is located behind the phantom, which leads to
the highest absorbed dose to the spine. At position 2, the rel-
ative distance between the source and the phantom has been
increased, which leads to lower absorbed doses in all organs
when compared to the values obtained at positions 1 and 3,
which have relatively shorter source-to-phantom distance.
The decrease in the absorbed dose with the increase in the
source-to-phantom distance is mainly due to the reduction
in the radiation fluence/flux, which agrees with our basic un-
derstanding of radiation and particle transport. At position 3,
since the phantom is facing the source, the absorbed dose to
spine has been decreased when compared to position 1.
However, the highest absorbed dose in testes has been ob-
tained at this location. In addition, the absorbed dose in thy-
roid has been found to be highest at position 3, since the
phantom is directly facing the radiation source. At position
Fig. 8. Graphical representation of photon tracks obtained at four different
photon hits; green dot shows the source position).

www.health-phy
4, the dose values for the organs considered in the present
work have been found to be close to those at position 2. This
is due mainly to the fact that in both cases, the phantom
would be irradiated sidewise and the considered organs are
mostly at the center of the human body. As expected, irradi-
ation from the right or left side would not lead to significant
differences in the absorbed doses to these organs. Interest-
ingly, the absorbed dose in the skin shows no strong depen-
dency on the orientation of irradiation (i.e., front/back or
right/left irradiation) and only changes significantly when
the source-to-phantom distance changes, which is explained
by the pervasive nature of skin over the entire human body
(Shahmohammadi Beni et al. 2017).

In order to better demonstrate the variation between radi-
ation interaction with the phantom and the source-to-phantom
distance, the radiation tracks for the modeled four positions
shown in Fig. 4were visualized (see Fig. 8). Similar to our pre-
vious work (Shahmohammadi Beni et al. 2021b), the visuali-
zations were prepared using Vised (http://www.mcnpvised.
com/), which was bundled with the MCNP package. From
the graphical representation shown in Fig. 8, it can be seen that
irradiation locations (red and blue dots represent high and low energy

sics.com
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Fig. 9. Organ doses calculated at 10 different locations in a 10 MeV neutron radiation field. The inset shows dynamic relative movement
between the source and the phantom in the radiation field. Relative statistical uncertainties associated with the MC computations were found
to be insignificant.
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the number of radiation hits decreases as the source-to-phantom
distance increases. At position 3 (when the phantom faces the
source), the organs located at the front side of the human body
received more radiation hits compared to position 1 (when the
phantom’s back was facing the source). At positions 2 and 4,
the number of radiation hits at the center of the phantom
do not show a significant difference.
DynamicMC example 2: neutron irradiation of ORNL
phantom with 10 relative movement coordinates

The present example demonstrates more complex rela-
tive movement between the source and the phantom (see
Fig. 5). The absorbed doses in the spine, brain, thyroid, skin,
and testeswere determined at 10 different positions and shown
in Fig. 9. Since position 2 has the shortest relative distance be-
tween the source and the phantom, the absorbed dose at posi-
tion 2 is highest for almost all organs except testes. The highest
absorbed dose in testes was found to be at position 1 because
the phantom was facing down toward the negative y-direction
(same direction as in DynamicMC example 1 in the previ-
ous section). The absorbed dose decreases as the relative
distance between the source and the phantom increases.
The developed DynamicMC programwas found to be capa-
ble of modeling such complex movements with multiple
user-input positions.

Variations in the organ doses with respect to dynamic
changes in the relative distance between the source and the
phantom were found to be significant. In addition, it is impor-
tant to perform organ-based dosimetry, since the orientation of
www.health-phy
the source relative to the phantom can change the dose ab-
sorbed by a specific organ significantly.
CONCLUSION

In the present work, we developed an open-source GUI
computer program that could model the relative dynamic
movement between the radiation source and the ORNL
phantom in 3D cartesian space (i.e., radiation field). The
present program makes organ-based dosimetry of the human
body much easier, as users are not required to write lengthy
scripts or deal with programming that would be tedious,
time-consuming, and error-prone. In addition, it was found
that the relative position and the orientation of the phantom
(i.e., movement and rotation) have significant effects on the
absorbed dose in each organ. The present program will also
be a valuable tool for teaching nuclear radiation physics and
its interaction with the human body.
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