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Abstract—The radiography training simulator currently in development minimizes errors through mock training on radiology and
improves the accuracy of the tests to minimize radiation exposure of the patients and improve the quality of diagnosis services. The
objective of this study is to suggest a configuration method for a user interface in developing a radiography training simulator. To
configure the operating program of a radiography training simulator in the same manner as an actual radiography equipment,
features allow viewing of the worklist and entry of patient information in accordance with the manual. Body part and projection are
selected, after which detector, distance, angle and grid are chosen to proceed with the imaging. The image is then printed. The printed
image can be transmitted to the PACS server. In addition, a scenario editing feature and help window on the test method are
configured so that the user can configured an image database himself. The developed user interface for radiography training
simulator simulates an actual X-ray test, improving the effects of mock training and repetitive learning. Since not all variables that
may occur during the image printing cannot be configured, the location data of the model device and camera were used to lead to
correct testing methods and positions, thus minimizing errors. In follow-up studies, technological development using object
recognition and 3D data will be applied to realize various situations that are close to real-life situations.
Keywords: radiography; training simulator; operator console; X-ray; user interface.

training in various forms have been developed in radiology
education, too [7] – [10]. However, training through a
simulator on a screen based on software does not allow the
student to directly manipulate the equipment but use an
alternative input device such as a mouse or keyboard. The
results, too, are shown only on a screen, undermining the
sense of similarities to the actual clinical setting [11]. It has
been pointed out continuously that as a result, training using
simulators have very low benefit in acquiring experience or
skills. The radiography training simulator currently in
development minimizes errors through mock training on
radiology and improves the accuracy of the tests to minimize
radiation exposure of the patients and improve the quality of
diagnosis services [12]. As such, the purpose of this study is
to develop a simulator fit for mock training, by applying a
digital method, and in particular, to suggest a configuration
method for the user interface of the simulator.

I. INTRODUCTION
In order to take a radiography image using imaging
equipment and conduct tests, the fostering of experts
equipped with specialist knowledge and experience is of
utmost importance. The education of medical radiology that
fosters such expert personnel must combine both theoretical
education where theoretical knowledge is learned and
practice where clinical skills are learned [1]. However,
exposure to radiation during the practice of radiology
imaging and manipulation of diagnosis devices have
constrained the applying sufficient practice training [2]. As
an alternative to circumvent the issue of students’ radiation
exposure, human body phantoms or simulators that recreate
a scenario on a screen using software were used [3].
However, using a human body phantom imposes a limit to
the position of the patient when in an actual radiology test
various positions of the patient are required [4]. As such, the
benefits of practice can be limited. In clinical practice and
training, a variety of patient position need to be applied to
reflect more real life-like situations as various positions are
used in radiology tests [5].
Meanwhile, training using simulators allow for mock
training and repetitive training and thus have been applied in
various fields in addition to the medical field [6]. Simulation

II. MATERIALS AND METHODS
The simulator should implement the same procedures and
situations as the real environment. Therefore, in the
educational radiography training simulator, an interface is
configured for various setting according to the examination
body part setting and examination method in the patient
information input so as to implement an interface
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environment similar to digital radiography. In addition, the
same procedure was applied from the setting of exposure
condition to the image output step reflecting that exposure
condition. A user can execute a command through a
computer monitor or a touch screen using a dedicated
program. In the radiography training simulator, the
suggested user interface is configured to allow for a test
procedure and image acquisition in the same manner as an
X-ray test without exposure to X-rays. The user interface
model is as follows.

progress
Editing and saving of scenario data
Saving of images for each scenario
A. DICOM images (12bits, Inverted)
B. TIF images (16bits, No Inverted)
C. Raw images (16bits, No Inverted)
9. Imaging printing – Loading of designated imaging
for each scenario
10. Editing and saving of help for testing method
A. Help Title: Examination parts
B. Anatomy: Wrist
C. Projection: PA
D. Help Comment: Insert of Text
E. Help Image: Insert of image
F. Help Screen: Output of text and image

7.
8.

A. Configuration of the User Interface
The user interface was designed to consist of the step to
input imaging conditions, the step to select imaging data and
the step to display mock images.
1. The step in which data entry tools are used to enter
the imaging conditions, including anatomy,
projection, angle, voltage and current.
A. Anatomy: SKULL, CHEST, ABDOMEN,
SPINE, EXTRIMITY…etc
B. Projection: AP, PA, Lateral…etc

2.

3.

III. RESULTS AND DISCUSSION
To enter patient information in the operating program,
OCS transmission data and search data can be searched and
viewed from the Worklist search window. Entry can be
made manually. In the radiography training simulator, the
simulated patient information can be inputted in advance and
then retrieved from the worklist search window. Also, it was
configured to input patient information manually or proceed
with examination by emergency and to input patient
information after examination.

C. Angle: 50, 100. 150, 200 , 250, 300 …etc
D. Voltage and current: kVp, mA, sec
The step in which imaging materials are selected.
One of the radiology imaging materials is selected
from the above data base, in accordance with the
anatomy, angle and position.
A. Main category anatomy: EXTRIMITY
B. Middle category anatomy: HAND
C. Small category anatomy: 1st thumb
D. Position: AP
E. Angle: 00
The step in which the mock image is displayed on
the display tool. The image taken is then adjusted
using an imaging processing tool in accordance
with the voltage and current.
A. kVp: Contrast and brightness
B. mAs: Brightness
C. Window width: Contrast
D. Window level: Brightness

B. User Interface Features
The user interface features of the simulator were designed
as follows.
1. Generator On/Off - Sound effects processing
2. Setting of imaging condition values – mAs, sec
introversion entry feature
3. APR(Anatomical Programmed Radiography)
editing and saving feature
A. Body Part: SKULL, CHEST, ABDOMEN,
SPINE, EXTRIMITY
B. Body Type: Baby, Thin, Normal, Fat
C. Body Position: AP, PA, Lateral
4. When APR Body Part is selected, condition values
for each body type is displayed
5. System status display (icon) feature - Generator
On/Off; Whether imaging condition values are
exceeded
6. Tube focusing method: Large Focus, Small Focus,
imaging preparation and imaging currently in

Fig. 1 Window in which patient information is selected from the work list or
entered manually.

1143

angle of exposure are selected based on the examination
method. In addition, exposure condition setting was
configured in such a way that it can be adjusted in the same
way as that of the actual equipment.

On the operator console, anatomy, projection, exposure
setting, director selection, distance and whether a grid is
used are set. The exposure body part area was configured to
be able to select in detail through the large, middle, and
small classification, and the irradiation direction and the

Fig. 2 Window to enter examination parts and exposure conditions

After anatomy, projection, exposure setting, selected
director, distance and whether grid is used are set, the
patient’s position is set, and the X-ray Tube, table director
and stand director are placed at their appropriate place, the
sensor data received from the equipment’s firmware are
displayed on the screen.

The position value of each component is displayed in the
program so that the result value can be known, and the
allowable range is set so that the error can be detected in
advance. The margin of error for the location data value can
be set as shown in Figure 3 and Figure 4 below.

Fig. 3 Window for position measurement output and tolerance setting
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Fig. 4 UART Register: Firmware and Software communication

After clicking on the exposure button, the printed image
can be saved after being adjusted, and can also be
transmitted to the PACS server (see Figure 5). The exposure
condition setting of the examination body part and the
irradiation direction was configured in such a way that they

can be modified and added according to the user's
environment. The user editing feature allows for an addition
or editing of scenarios. As such, an expansion of the image
data base, as well as continued upgrade is possible (see
Figure 6).

Fig. 5 Window on which X-ray pictures are output
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Fig. 6. Window for edit scenario (examination procedures)

The help feature allows the user to check the test method
before conducting the test to increase the accuracy of the test.
The help feature, too, has an editing feature that allows
addition or editing. Help Example function is useful for
learners as well as for actual radiographers. When examining

low-frequency examination methods, this function is useful
since it can reduce the necessity of retaking if the
examination is made after checking the examination method
in advance (see Figure 7)

Fig. 7 Window to view or edit help screen
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The newly developed user interface for radiography
training simulator simulates an actual X-ray test, improving
the effects of mock training and repetitive learning. Since
not all variables that may occur during the image printing
cannot be configured, the location data of the model device
and camera were used to lead to correct testing methods
and positions, thus minimizing errors.

practicality through the behaviour-based evaluation. As a
follow-up study, technological development using object
recognition and 3D data to recreate various scenarios will
be conducted.
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