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Description
Title of Invention: X-RAY DETECTOR INCLUDING SHOCK-
DETECTING SENSOR, X-RAY SYSTEM INCLUDING X-RAY

DETECTOR, AND METHOD OF OPERATING X-RAY SYSTEM
Technical Field

[1] The disclosure relates to X-ray detectors, X-ray systems including X-ray detectors,
and methods of operating the X-ray systems, and more particularly, to X-ray detectors
which include shock-detecting sensors for detecting a shock applied to the X-ray
detectors and provide information about the shock to a user, and X-ray systems

including the X-ray detectors.
Background Art

[2] X-rays are electromagnetic waves having wavelengths of 0.01 to 100 angstroms (A),
and are widely used, due to their ability to penetrate objects, in medical apparatuses for
imaging the inside of a living body or in non-destructive testing equipment for in-
dustrial use.

[3] A basic principle of an X-ray imaging apparatus using X-rays is that an internal
structure of an object is examined by transmitting X-rays emitted from an X-ray tube
(or an X-ray source) through an object and detecting a difference in intensities of the
transmitted X-rays via an X-ray detector. As portable X-ray detectors have recently
been developed and have come into widespread use, the portable X-ray detectors are
prone to being dropped or experiencing shocks during X-ray imaging. Thus, an outer
casing of an X-ray detector may have a shock-absorbing member attached thereto or
may be formed of a material capable of easily absorbing shock.

[4] A shock-detecting sensor may be positioned within an X-ray detector and detect a
fall of the X-ray detector or an impact externally applied to the X-ray detector and
measure an impulse occurring due to the impact. However, due to recent increased
compactness and simplification of portable devices, the X-ray detector has a small size,
and a shock-detecting sensor mounted inside the X-ray detector also has a small size.
Thus, a range of impulses measurable by the shock-detecting sensor is limited. In other
words, when a shock above a certain range is applied to the X-ray detector, a mea-
surement value from the shock-detecting sensor is saturated, and thus, an impulse

applied to the X-ray detector cannot be accurately calculated.
Disclosure of Invention

Solution to Problem

[5] Provided is an X-ray detector that includes a shock-detecting sensor having a shock-
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absorbing member attached thereto such that a measurement range, within which the
shock-detecting sensor is able to measure a shock applied to the X-ray detector, is not
saturated and is configured to provide a user with accurate impulse data by increasing a

measurement range of impulses, and an X-ray system including the X-ray detector.
Provided is also an X-ray detector for providing a user with information about a

shock applied thereto and an X-ray system including the X-ray detector.

Additional aspects will be set forth in part in the description which follows and, in
part, will be apparent from the description, or may be learned by practice of the
presented embodiments of the disclosure.

Brief Description of Drawings

The above and other aspects, features, and advantages of certain embodiments of the
disclosure will be more apparent from the following description taken in conjunction
with the accompanying drawings, in which:

FIG. 1 is a perspective diagram showing a configuration of an X-ray apparatus
according to an embodiment of the disclosure;

FIG. 2 is an external view of an X-ray detector according to an embodiment of the
disclosure;

FIG. 3 is an external view and block diagram of an X-ray apparatus implemented as a
mobile X-ray apparatus, according to an embodiment of the disclosure;

FIG. 4A is an exploded perspective view showing components of an X-ray detector
according to an embodiment of the disclosure;

FIG. 4B is an enlarged view of a part of the X-ray detector;

FIG. 5A is an exploded perspective view showing some components of an X-ray
detector according to an embodiment of the disclosure;

FIG. 5B is a cross-sectional view illustrating some components of the X-ray detector;

FIG. 6A is a cross-sectional view illustrating some components of an X-ray detector
according to an embodiment of the disclosure;

FIG. 6B is a plan view of the components illustrated in FIG. 6A;

FIG. 7 is a cross-sectional view illustrating some components of an X-ray detector
according to an embodiment of the disclosure;

FIG. 8A is a cross-sectional view illustrating some components of an X-ray detector
according to an embodiment of the disclosure;

FIG. 8B is a plan view of the components illustrated in FIG. 8A;

FIG. 9A is a graph of an acceleration value of an X-ray detector, which is measured
over time by a shock-detecting sensor to which a shock-absorbing member is not
applied;

FIG. 9B is a graph of an acceleration value of an X-ray detector, which is measured
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over time by a shock-detecting sensor to which the shock-absorbing member is

applied, according to an embodiment of the disclosure;
FIG. 10A illustrates an acceleration value measured by a shock-detecting sensor, to

which a shock-absorbing member is not applied, with respect to the number of falls of
an X-ray detector;

FIG. 10B illustrates an acceleration value measured by a shock-detecting sensor, to
which the shock-absorbing member is applied, with respect to the number of falls of an
X-ray detector, according to an embodiment of the disclosure;

FIG. 11 is a block diagram of a configuration of an X-ray system according to an em-
bodiment of the disclosure;

FIG. 12 is a graph of an acceleration value of an X-ray detector measured by a shock-
detecting sensor with respect to time, according to an embodiment of the disclosure;
and

FIG. 13 is a flowchart of a method of operating an X-ray system according to an em-
bodiment of the disclosure.

Best Mode for Carrying out the Invention

According to an embodiment of the disclosure, an X-ray detector includes: a
substrate support on which a printed circuit board (PCB) substrate is mounted; a
shock-detecting sensor module mounted on the substrate support and configured to
detect shock applied to the X-ray detector; and a shock-absorbing member arranged to
surround portions of top and bottom surfaces of one side of the shock-detecting sensor
module, wherein the shock-detecting sensor module and the shock-absorbing member
are coupled to the substrate support via a screw and a protruding coupling member.

The shock-detecting sensor module may include at least one of a shock sensor, an ac-
celerometer, a geomagnetic sensor, or a gyroscopic sensor.

The shock-absorbing member may be further configured to absorb a shock applied to
the shock-detecting sensor module and attenuate an instantaneous acceleration value
measured by the shock-detecting sensor module.

The shock-absorbing member may be formed of at least one of an elastic material, a
viscoelastic material, plastic, rubber, gel, carbon graphite, polycarbonate, or polyvinyl
chloride.

The protruding coupling member may include a screw hole and protrude upwards
from the substrate support by a predetermined height, and the shock-detecting sensor
module may have formed therein a hole through which it is secured by the protruding
coupling member and the screw, the hole surrounding the protruding coupling
member.

A diameter of the hole may be greater than a diameter of a first part of the protruding
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coupling member, and the one side of the shock-detecting sensor module may be
spaced apart from the first part of the shock-detecting sensor module by a prede-
termined length.

The shock-absorbing member may be further configured to fill a space between the
hole and the first part of the protruding coupling member.

According to another embodiment of the disclosure, an X-ray detector includes: a
PCB substrate; a shock-detecting sensor mounted on the PCB substrate and configured
to detect shock applied to the X-ray detector; and a shock-absorbing member arranged
at either end of the PCB substrate to surround a top surface, a bottom surface, and side
surfaces of the either end thereof, wherein the shock-absorbing member is coupled to a
support of the X-ray detector via a screw and a protruding coupling member.

According to another embodiment of the disclosure, an X-ray system includes an X-
ray detector and a workstation. The X-ray detector may include: a shock-detecting
sensor module configured to detect shock applied to the X-ray detector and measure an
instantaneous acceleration value of the X-ray detector; a shock-absorbing member
arranged to surround portions of top and bottom surfaces of one side of the shock-
detecting sensor module; a detector memory storing the instantaneous acceleration
value measured by the shock-detecting sensor module; and a detector controller
configured to calculate an impulse applied to the X-ray detector by using the measured
instantaneous acceleration value and transmit the calculated impulse to the
workstation. The workstation is configured to receive the calculated impulse from the
X-ray detector and output information about the impulse.

The detector controller may be further configured to calculate the impulse by in-
tegrating with respect to time acceleration values measured at respective time points
with a time interval corresponding to a preset sampling frequency.

The detector controller may be further configured to calculate the impulse based on a
peak value among acceleration values measured at respective time points with a time
interval corresponding to a preset sampling frequency.

The detector controller may be further configured to calculate the impulse by
summing up, from among acceleration values measured at respective time points with
a time interval corresponding to a preset sampling frequency, acceleration values
measured over a time interval when an acceleration value is greater than or equal to a
preset acceleration value.

The workstation may include a communication module configured to transmit data to
an external cloud server by using a wireless or wired communication method, and the
workstation may be further configured to transmit the impulse to the external cloud
server by using the communication module.

The workstation may include a controller configured to receive shock detection in-
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formation including at least one of the number of occurrences of a fall of the X-ray
detector or external shock applied thereto, a time when the fall or external shock
occurs, or a place where the fall or external shock occurs and to generate information

about usage history of the X-ray detector based on the shock detection information.
The workstation may further include a communication module configured to transmit

data to an external server by using a wireless or wired communication method, and the
controller may be further configured to control the communication module to transmit
the generated information about the usage history to the external server.

The workstation may include a display displaying a user interface (UI) configured to
provide a user with information about an occurrence of a shock due to a fall of the X-
ray detector.

The workstation may include a sound outputter configured to output an alarm sound
notifying about an occurrence of a shock due to a fall of the X-ray detector.

According to another embodiment of the disclosure, a method of operating an X-ray
system includes: calculating an impulse applied to an X-ray detector viaa shock-
detecting sensor module to which a shock-absorbing member is attached; acquiring in-
formation about usage history of the X-ray detector based on information about the
calculated impulse; and transmitting the acquired information about the usage history
to a cloud server.

The acquiring of the information about the usage history may include: receiving
shock detection information including at least one of the number of occurrences of a
fall of the X-ray detector or external shock applied thereto, a time when the fall or
external shock occurs, or a place where the fall or external shock occurs; and
generating the information about the usage history of the X-ray detector based on the
shock detection information.

The method may further include displaying a UI configured to provide a user with in-
formation about an occurrence of a shock due to a fall of the X-ray detector or
outputting an alarm sound notifying about the occurrence of the shock.

According to another embodiment of the disclosure, a computer program product
includes a computer-readable storage medium, wherein the computer-readable storage
medium includes instructions for performing a method of operating an X-ray system.
The method includes: calculating an impulse applied to an X-ray detector via a shock-
detecting sensor module to which a shock-absorbing member is attached; acquiring in-
formation about usage history of the X-ray detector based on information about the
calculated impulse; and transmitting the acquired information about the usage history

to a cloud server.

Mode for the Invention
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This application is based on and claims priority under 35 U.S.C. §119 to Korean
Patent Application No. 10-2018-0086020, filed on July 24, 2018, in the Korean In-
tellectual Property Office, the disclosure of which is incorporated by reference herein
in its entirety.

The principle of the disclosure is explained and embodiments are disclosed so that
the scope of the disclosure is clarified and one of ordinary skill in the art to which the
disclosure pertains implements the disclosure. The disclosed embodiments may have
various forms.

Like reference numerals refer to like elements throughout the specification. This
specification does not describe all the elements of the embodiments, and duplicate
contents of the general contents or embodiments in the technical field of the disclosure
will be omitted. The terms "part” and "portion” as used herein may be embodied in
software or hardware. According to embodiments of the disclosure, a plurality of
"parts" or "portions" may be embodied as a single unit or a single element. Alter-
natively, a single 'part' or a single 'portion' may include a plurality of units or a
plurality of elements. Hereinafter, the working principle and embodiments of the
disclosure will be described with reference to the accompanying drawings.

In the present specification, an image may include a medical image obtained by a
medical scanning apparatus, such as a magnetic resonance photographing (MRI)
apparatus, a computed tomography (CT) apparatus, an ultrasound photographing
apparatus, or an X-ray photographing apparatus.

In this specification, an 'object’ is an object of photography and may be a person, an
animal, or a part thereof. For example, the object may include a part of the body (an
internal organ) or a phantom.

Throughout the disclosure, the expression "at least one of a, b or ¢" indicates only a,
only b, only ¢, both a and b, both a and ¢, both b and c, all of a, b, and c, or variations
thereof.

FIG. 1 is a perspective diagram showing a configuration of an X-ray apparatus 100
according to an embodiment of the disclosure. The X-ray apparatus 100 of FIG. 1 is a
fixed X-ray apparatus, as an example. However, the disclosure is not limited thereto.

Referring to FIG. 1, the X-ray apparatus 100 may include an X-ray irradiator 110 for
generating and irradiating an X-ray, an X-ray detector 200 for detecting an X-ray that
is irradiated from the X-ray irradiator and transmitted through an object, and a
workstation 180 that receives a command from a user and provides information to the
user. The X-ray apparatus 100 may include a controller 120 for controlling the X-ray
apparatus 100 according to an input command and a communicator 140 for commu-
nicating with an external apparatus.

Some or all of the components of the controller 120 and the communicator 140 may
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be included in the workstation 180 or provided separately from the workstation 180.

The X-ray irradiator 110 may include an X-ray source for generating an X-ray and a
collimator for adjusting an irradiation area of the X-ray generated by the X-ray source.

A guide rail 30 may be installed on the ceiling of an examination room where the X-
ray apparatus 100 is disposed. The X-ray irradiator 110 may be moved to a location
corresponding to location of a target object P by connecting the X-ray irradiator 110 to
a moving carriage 40 moving along the guide rail 30. The moving carriage 40 and the
X-ray irradiator 110 may be connected to each other through a foldable post frame 50,
so that the height of the X-ray irradiator 110 may be adjusted.

The workstation 180 may include an input unit 181 for receiving commands from a
user and a display 182 for displaying information.

The input unit 181 may receive commands regarding a scanning protocol, scanning
conditions, scanning timing, a position control of the X-ray irradiator 110, etc. The
input unit 181 may include a keyboard, a mouse, a touch screen, a voice recognizer,
etc.

The display 182 may display a screen image for guiding an input of a user, an X-ray
image, a screen image showing the state of the X-ray apparatus 100, etc.

The controller 120 may control a scanning timing and scanning conditions of the X-
ray irradiator 110 according to a command input from the user and may generate a
medical image using image data received from the X-ray detector 200. Furthermore,
the controller 120 may control the position or posture of mounts 14 and 24 to which
the X-ray irradiator 110 or the X-ray detector 200 is mounted according to the
scanning protocol and a position of the target object P.

The controller 120 may include a memory for storing a program for performing the
above-described operation and other operations and a processor for executing the
stored program. The controller 120 may include a single processor or a plurality of
processors. In the latter case, a plurality of processors may be integrated on a single
chip or may be physically separated from one another.

The X-ray apparatus 100 may be connected to an external device (e.g., an external
server 310, a medical device 320, and a mobile terminal 330 (e.g., a smart phone, a
tablet PC, a wearable device, etc.)) via the communicator 140 and transmit or receive
data.

The communicator 140 may include at least one component that enables commu-
nication with an external device. For example, the communicator 140 may include at
least one of a short-range communication module, a wired communication module, or
a wireless communication module.

Furthermore, the communicator 140 may receive a control signal from an external

device and transmit the received control signal to the controller 120, so that the
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controller 120 controls the X-ray apparatus 100 according to the received control
signal.

Furthermore, the controller 120 may control an external device according to the
control signal of the controller 120 by transmitting a control signal to the external
device through the communicator 140. For example, the external device may process
data of the external device according to the control signal of the controller 120
received via the communicator 140.

Furthermore, the communicator 140 may further include an internal communication
module that enables communication among the components of the X-ray apparatus
100. Because a program for controlling the X-ray apparatus 100 may be installed on
the external device, the program may include an instruction for performing some or all
of the operations of the controller 120.

The program may be installed in the mobile terminal 330 in advance or the user of
the mobile terminal 330may download the program from the server that provides ap-
plications and install the program. The server providing applications may include a
recording medium in which the program is stored.

The X-ray detector 200 may be a fixed X-ray detector fixed to a stand 20 or a table
10, may be detachably mounted to the mounts 14 and 24, or may be a portable X-ray
detector that may be used at an arbitrary location. When the X-ray detector 200 is a
portable X-ray detector, the X-ray detector 200 may be of a wire type or a wireless
type depending on data transmission methods and power supply methods.

The X-ray detector 200 may be included as an element of the X-ray apparatus 100 or
may not be included. In the latter case, the X-ray detector 200 may be registered to the
X-ray apparatus 100 by a user. Furthermore, in both cases, the X-ray detector 200 may
be connected to the controller 120 through the communicator 140 and receive a control
signal or transmit image data.

A sub-user interface 80 for providing information to a user and receiving a command
from a user may be provided at one end of the X-ray irradiator 110, where some or all
of functions to be performed by the input unit 181 and the display 182 of the
workstation 180 may be performed by the sub-user interface 80.

When all or some of the components of the controller 120 and the communicator 140
are provided separately from the workstation 180, they may be included in the sub-user
interface 80 provided in the X-ray irradiator 110.

Although FIG. 1 shows a fixed X-ray apparatus connected to the ceiling of an ex-
amination room, the X-ray apparatus 100 may have various structures within a range
that is obvious to one of ordinary skill in the art, such as a C-arm type X-ray apparatus
and a mobile X-ray apparatus.

FIG. 2 is a perspective view of a portable X-ray detector according to an embodiment
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of the disclosure.

As described above, the X-ray detector 200 used in the X-ray apparatus 100 may be
implemented as a portable X-ray detector. In this case, the X-ray detector 200 may
include a battery for supplying power and operate wirelessly. Alternatively, as shown
in FIG. 2, the X-ray detector 200 may operate as a charging port 201 is connected to a
separate power supply unit by a cable C.

Inside a case 203 constituting the outer appearance of the X-ray detector 200, a
detection element for detecting an X-ray and converting it into image data, a memory
for temporarily or non-temporarily storing the image data, a communication module
for receiving a control signal from the X-ray apparatus 100 or transmitting image data
to the X-ray apparatus 100, and a battery may be provided. Furthermore, image
correction information regarding the X-ray detector 200 and unique identification in-
formation regarding the X-ray detector 200 may be stored in the memory, and identi-
fication information stored during communication with the X-ray apparatus 100 may
be transmitted together with the image correction information regarding the X-ray
detector 200 and the unique identification information regarding the X-ray detector
200.

FIG. 3 is a perspective view of a mobile X-ray apparatus according to an em-
bodiment of the disclosure.

The same reference numerals as those in FIG. 1 denote the same functions, and thus
redundant description of the reference numerals in FIG. 1 will be omitted.

An X-ray apparatus may be implemented not only as the ceiling type as described
above, but also as a mobile type. When the X-ray apparatus 100 is implemented as a
mobile X-ray apparatus, a main body 101 to which the X-ray irradiator 110 is
connected may freely move and the an arm 103 interconnecting the X-ray irradiator
110 and the main body 101 may also be rotated and linearly move, and thus the X-ray
irradiator 110 may freely move in the three-dimensional (3D) space.

The main body 101 may include a storage 105 for storing the X-ray detector 200.
Furthermore, a charging terminal capable of charging the X-ray detector 200 is
provided in the storage 105, so that the X-ray detector 200 may be stored while being
charged.

An input unit 151, a display 152, the controller 120, and the communicator 140 may
be provided in the main body 101. Image data obtained by the X-ray detector 200 may
be transmitted to the main body 101 and displayed on the display 152 or transmitted to
an external device through the communicator 140.

The controller 120 and the communicator 140 may be provided separately from the
main body 101 and only some of the components of the controller 120 and the com-

municator 140 may be provided in the main body 101.
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FIG. 4A is an exploded perspective view showing components of an X-ray detector
200 according to an embodiment.

Referring to FIG. 4A, the X-ray detector 200 may include a top cover 210, a
substrate support 220, a bottom cover 230, a printed circuit board (PCB) substrate 240,
a detector element array 250, and a shock-detecting sensor module 260. The shock-
detecting sensor module 260 may be fixedly attached to the substrate support 220 via a
screw 270 and a protruding coupling member (290 of FIG. 5A). The X-ray detector
200 does not include only the components shown in FIG. 4A. According to an em-
bodiment of the disclosure, the X-ray detector 200 may further include a scintillator
layer that absorbs X-rays that have passed through an object to emit light. According to
an embodiment of the disclosure, when the X-ray detector 200 is implemented as a
portable X-ray detector, the X-ray detector 200 may include a battery therein.

The top cover 210 and the bottom cover 230 may encase the X-ray detector 200 by
enclosing and sealing the components included therein. The top cover 210 and the
bottom cover 230 serve as a casing that accommodates the components of the X-ray
detector 200 therein and protects the components from being damaged when the X-ray
detector 200 is dropped or is subjected to an impact. A handle may be provided on the
top cover 210 and the bottom cover 230.

The substrate support 220 may be encased by the top cover 210 and the bottom cover
230, and has the PCB substrate 240, the detector element array 250, and the shock-
detecting sensor module 260 mounted thereonto. Coupling parts are formed on the
substrate support 220 to protrude upward in cross shapes, and a protrusion may be
formed at a point where the coupling parts intersect each other. The protrusion may
protrude upwards by a predetermined height to fit into a hole formed in the shock-
detecting sensor module 260. However, the shape of the substrate support 220 shown
in FIG. 4A is merely an example and is not limited to that shown in FIG. 4A.

At least one processor and a memory may be mounted on the PCB substrate 240. The
at least one processor performs logic operations of the X-ray detector 200 and controls
the components thereof, and the memory stores data values. The at least one processor
may calculate an impulse applied to the X-ray detector 200 by using an instantaneous
acceleration value measured by the shock-detecting sensor module 260. Furthermore,
according to an embodiment of the disclosure, the at least one processor may include a
communication module that transmits the calculated impulse to an external cloud
server. The memory may store an instantaneous acceleration value measured by the
shock-detecting sensor module 260. According to an embodiment of the disclosure, the
memory may store at least one of the number of times an instantaneous acceleration
value measured by the shock-detecting sensor module 260 is greater than or equal to a

preset value, information about a time when or a place where the measured in-
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stantaneous acceleration value is greater than or equal to the preset value. Information
stored in the memory may be used to generate information about usage history of the
X-ray detector 200, as described in more detail below with reference to FIG. 11.

The detector element array 250 may detect light emitted by the scintillator layer. The
detector element array 250 may have a plurality of detector elements 252 mounted
thereon. The detector elements 252 may respectively correspond to pixels in a recon-
structed image. Each of the detector elements 252 may include a photosensitive region
and an electronic circuit region. Each of the detector elements 252 may detect electrons
that are released in proportion to light detected during emission of X-rays toward the
object and store electrical charges accumulated in the photosensitive region.

The shock-detecting sensor module 260 is secured to the substrate support 220 to
detect a shock applied to the X-ray detector 200. The shock-detecting sensor module
260 may include at least one of a shock sensor, an accelerometer, a geomagnetic
sensor, or a gyroscopic sensor. The shock-detecting sensor module 260 may be im-
plemented as a module including a substrate and the above-described sensors, but is
not limited thereto.

According to an embodiment of the disclosure, at least one of a shock sensor, an ac-
celerometer, a geomagnetic sensor, or a gyroscopic sensor may be directly mounted
onto the PCB substrate 240. According to an embodiment of the disclosure, the shock-
detecting sensor module 260 may include an accelerometer that measures an in-
stantaneous acceleration value along each of the X- Y- and Z-axes.

The shock-detecting sensor module 260 may not only detect a shock applied to the
X-ray detector 200 but also calculate an impulse occurring due to the shock. According
to an embodiment of the disclosure, the shock-detecting sensor module 260 may
calculate an impulse by using instantaneous acceleration values measured at time
points having a time interval corresponding to a preset sampling frequency. For
example, the shock-detecting sensor module 260 may calculate an impulse applied to
the X-ray detector by integrating instantaneous acceleration values measured over a
preset time interval with respect to time. Furthermore, the shock-detecting sensor
module 260 may calculate an impulse by selecting only a peak value from among
measured instantaneous acceleration values. A method whereby the shock-detecting
sensor module 260 calculates an impulse will be described in more detail below with
reference to FIG. 12.

Shock-absorbing members (280 of FIG. 4B) may be provided at one side of the
shock-detecting sensor module 260 to enclose portions of top and bottom surfaces of
the shock-detecting sensor module 260.

FIG. 4B is an enlarged view of a part 200B of the X-ray detector 200 of FIG. 4A.

Referring to FIG. 4B, the shock-detecting sensor module 260 may be coupled to the
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substrate support 220 via the screw 270. According to an embodiment of the
disclosure, the shock-detecting sensor module 260 may be fixedly coupled to the
substrate support 220 via the screw 270 and the protruding coupling member (290 of
FIGS. 5A and 5B) having a screw hole and further protruding upward by a prede-
termined height.

The shock-absorbing members 280 may be respectively provided between the shock-
detecting sensor module 260 and the screw 270 and between the shock-detecting
sensor module 260 and the protruding coupling member 290. In other words, the
shock-absorbing members 280 may be provided to surround portions of the top and
bottom surfaces of one side of the shock-detecting sensor module 260. The shock-
absorbing members 280 may absorb a shock applied to the X-ray detector 200.
According to an embodiment of the disclosure, the shock-absorbing members 280 may
absorb a shock applied to the shock-detecting sensor module 260 due to a fall of the X-
ray detector 200 or external shock applied thereto.

The shock-absorbing member 280 may be formed of an elastic material capable of
reducing instantaneous shocks. For example, the shock-absorbing member 280 may be
formed of at least one of an elastic material, a viscoelastic material, plastic, rubber, gel,
carbon graphite, polycarbonate, or polyvinyl chloride (PVC). However, examples of a
material constituting the shock-absorbing member 280 are not limited thereto.

By arranging the shock-absorbing members 280 at one side of the shock-detecting
sensor module 260, it is possible to reduce instantaneous momentum, i.e., an ac-
celeration value, measurable by the shock-detecting sensor module 260. Due to the
presence of the shock-absorbing member 280, a maximum instantaneous acceleration
value measurable by the shock-detecting sensor module 260 may not exceed a mea-
surement limit for the shock-detecting sensor module 260, and an allowable mea-
surement range may be expanded. In other words, the shock-absorbing member 280
may be designed to transmit a shock applied to the X-ray detector 200 due to a fall of
the X-ray detector 200 or external shock thereto to the shock-detecting sensor module
260, thereby attenuating the shock itself. Thus, an instantaneous acceleration value that
is measured by the shock-detecting sensor module 260 may not be saturated. The
presence of the shock-absorbing member 280 may reduce a value of shock instan-
taneously applied to the X-ray detector 200 while maintaining an impulse applied over
a specific time period, as described in more detail below with reference to FIGS. 9A
and 9B.

The shock-absorbing member 280 may perform filtering with respect to a high
frequency signal caused by vibrations that occur due to a shock applied to the X-ray
detector 200. For example, when the X-ray detector 200 is dropped, a signal generated

due to the fall of the X-ray detector 200 may include a primary signal composed of low
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frequencies and induced by an impact itself and a secondary signal induced by vi-
brations composed of high frequencies. In this case, the primary signal is a signal of
the impact itself, and the secondary signal acts as noise. The shock-absorbing member
280 may perform a function of a mechanical filter by attenuating a noise signal
composed of high frequencies.

FIG. 5A is an exploded perspective view showing some components of the X-ray
detector 200 according to an embodiment of the disclosure.

Referring to FIG. 5A, a hole is formed in the shock-detecting sensor module 260, and
the protruding coupling member 290 passes through the hole and is then coupled with
the screw 270 such that the shock-detecting sensor module 260 may be fixedly secured
onto the substrate support 220. In other words, the hole in the shock-detecting sensor
module 260 is formed to surround a protruding part of the protruding coupling member
290. The protruding coupling member 290 has therein a screw hole to engage with the
screw 270.

The shock-absorbing members 280 may be respectively attached onto the top and
bottom surfaces of the shock-detecting sensor module 260. The hole formed in the
shock-detecting sensor module 260 may have a diameter greater than or equal to that
of the protruding part of the protruding coupling member 290.

For example, the shock-absorbing member 280 may be formed of at least one of an
elastic material, a viscoelastic material, plastic, rubber, gel, carbon graphite, poly-
carbonate, or PVC, but is not limited thereto.

FIG. 5B is a cross-sectional view taken along line A-A' of FIG. 4B.

Referring to FIG. 5B, the protruding coupling member 290 may include a protruding
part 290a having a screw hole and protruding by a predetermined height and a coupling
part 290b that is secured to the substrate support 220 to support the protruding part
290a. A diameter R . of a hole in the shock-detecting sensor module 260 is equal to a
diameter R ,4, of the protruding part 290a, and the shock-detecting sensor module 260
may contact the protruding part 290a via the hole.

The shock-absorbing members 280 may be respectively provided on top and bottom
surfaces of the shock-detecting sensor module 260. A diameter R 5, of the shock-
absorbing member 280 may be less than or equal to a diameter R ,4, of the coupling
part 290b. The shock-absorbing member 280 positioned on the bottom surface of the
shock-detecting sensor module 260 may be supported by the coupling part 290b of the
protruding coupling member 290, and an uppermost surface of the shock-absorbing
member 280 positioned on the top surface of the shock-detecting sensor module 260
may be fixed by a head of the screw 270.

FIG. 6A is a cross-sectional view illustrating some components of the X-ray detector

200 according to an embodiment of the disclosure, and FIG. 6B is a plan view of the
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components illustrated in FIG. 6A.

Referring to FIG. 6A, a hole is formed in the shock-detecting sensor module 260, and
the protruding part 290a of the protruding coupling member 290 penetrates through the
hole to be coupled with the screw 270. Thus, the shock-detecting sensor module 260
may be attached onto the substrate support 220. The shock-absorbing members 280
may be respectively arranged on top and bottom surfaces of the shock-detecting sensor
module 260.

In the embodiment shown in FIG. 6A, a diameter R ;. of the hole in the shock-
detecting sensor module 260 may be greater than a diameter R ,q, of the protruding
part 290a of the protruding coupling member 290. In other words, the hole formed in
the shock-detecting sensor module 260 may not contact the protruding part 290a of the
protruding coupling member 290 but be spaced apart therefrom by a predetermined
length Ad. A doughnut-shaped hollow space with a thickness corresponding to the pre-
determined length Ad may be created between the protruding part 290a and the hole in
the shock-detecting sensor module 260.

Because the shock-absorbing members 280 are provided only on the top and bottom
surfaces of the shock-detecting sensor module 260, a shock applied in a Z-axis
direction due to a fall of the X-ray detector 200 or external shock thereto may be at-
tenuated. However, this arrangement may not be effective in attenuating shocks
applied in X- and Y-axis directions. When the hole formed in the shock-detecting
sensor module 260 is to contact the protruding part 290a as in the embodiment
described with reference to FIG. 5B, a measurement value from the shock-detecting
sensor module 260 may exceed a limit of shock values measurable by the shock-
detecting sensor module 260 due to shocks applied in the X- and Y-axis directions, and
thus the measurement value may be saturated. Unlike in the embodiment described
with reference to FIG. 5B, according to the embodiment shown in FIG. 6A, the
diameter R . of the hole in the shock-detecting sensor module 260 may be made
larger than the diameter R 54, of the protruding part 290a of the protruding coupling
member 290, and the hole may be spaced apart therefrom by a predetermined length
Ad. Due to this configuration, shocks applied in the X- and Y-axis directions may not
directly affect measurements of a shock value. Thus, it is possible to attenuate a value
of instantaneous shock transmitted to the shock-detecting sensor module 260 and
expand a range of shock values measurable by the shock-detecting sensor module 260,
thereby allowing for accurate calculation of an impulse.

FIG. 6B is a plan view taken along line B-B' of FIG. 6A.

Referring to FIG. 6B, the diameter R 54, of the protruding part 290a of the protruding
coupling member 290 may be greater than a diameter R »; of the screw hole but less

than the diameter R ;. of the hole in the shock-detecting sensor module 260. The
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shock-absorbing member 280 with a predetermined thickness Ad is shown as a
doughnut shape positioned between an outer periphery of the protruding part 290a and
the hole in the shock-detecting sensor module 260. Because the diameter R . of the
hole in the shock-detecting sensor module 260 is greater than the diameter R »q, of the
protruding part 290a and the hole is spaced apart from the protruding part 290a by the
predetermined length Ad instead of contacting the protruding part 290a, the shock-
absorbing member 280 may be exposed as a doughnut shape in the plan view. As
described above, because the hole in the shock-detecting sensor module 260 does not
directly contact the protruding part 290a but is spaced apart therefrom, it is possible to
attenuate an instantaneous shock value due to shocks applied in the X- and Y-axis di-
rections.

FIG. 7 is a cross-sectional view illustrating some components of the X-ray detector
200 according to an embodiment of the disclosure.

Referring to FIG. 7, the shock-detecting sensor module 260 may have a hole therein
as shown in FIG. 6A, and the protruding part 290a of the protruding coupling member
290 passes through the hole in the shock-detecting sensor module 260 and is then
coupled thereto by the screw 270 such that the shock-detecting sensor module 260 may
be secured onto the substrate support 220. The shock-absorbing members 280 may be
respectively provided on top and bottom surfaces of the shock-detecting sensor
modules 260.

In the embodiment shown in FIG. 7, a diameter R ;. of the hole in the shock-
detecting sensor module 260 may be greater than a diameter R ,q, of the protruding
part 290a of the protruding coupling member 290. In other words, the hole formed in
the shock-detecting sensor module 260 may not contact the protruding part 290a of the
protruding coupling member 290 but be spaced apart therefrom by a predetermined
length Ad. However, the embodiment shown in FIG. 7 is different from the em-
bodiment described with reference to FIG. 6A in that a space between the hole and the
protruding part 290a is filled with the shock-absorbing members 280. In other words,
the shock-absorbing members 280 may be provided to fill the space between the
shock-detecting sensor module 260 and the protruding part 290a.

According to the embodiment shown in FIG. 7, the hole formed in the shock-
detecting sensor module 260 does not contact the protruding part 290a, and the shock-
absorbing members 280 are formed in the space between the hole and the protruding
part 290a. Thus, it is possible to attenuate an instantaneous shock applied in the X- and
Y-axis directions due to a fall of the X-ray detector 200 or external shock applied
thereto. Due to the attenuation of instantaneous shock, a maximum instantaneous
shock value measurable by the shock-detecting sensor module 260 may be smaller than

a measurement limit, and thus, a range of shock values measurable by the shock-
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detecting sensor module 260 may be expanded.

FIG. 8A is a cross-sectional view illustrating some components of an X-ray detector
201 according to an embodiment of the disclosure, and FIG. 8B is a plan view of the
components illustrated in FIG. 8A.

Referring to FIGS. 8A and 8B, the X-ray detector 201 may include a substrate
support 220, a PCB substrate 261, a shock-detecting sensor 262, and a shock-absorbing
member 281. The PCB substrate 261 and the shock-absorbing member 281 may be
fixedly attached onto the substrate support 220 via screws 271 and protruding coupling
members 291.

The shock-detecting sensor 262 may be mounted on the PCB substrate 261 and
detect shock applied to the X-ray detector 201 and calculate an impulse occurring due
to the shock. For example, the shock-detecting sensor 262 may include at least one of
an accelerometer, a geomagnetic sensor, or a gyroscopic sensor, but is not limited
thereto. According to an embodiment of the disclosure, at least one processor for
performing logic operations of the X-ray detector 201 and controlling the components
thereof and a memory for storing data values may also be mounted on the PCB
substrate 261.

The shock-absorbing members 281 may be positioned at both ends of the PCB
substrate 261. According to an embodiment of the disclosure, the shock-absorbing
member 281 may be provided at either end of the PCB substrate 261 to surround a top
surface, a bottom surface, and side surfaces of the either end thereof. According to an
embodiment of the disclosure, the shock-absorbing member 281 may absorb a shock
applied to the PCB substrate 261 with the shock-detecting sensor 262 mounted thereon
due to a fall of the X-ray detector 201 or external shock thereto.

The shock-absorbing member 281 may be formed of an elastic material capable of
reducing instantaneous shocks. For example, the shock-absorbing member 281 may be
formed of at least one of an elastic material, a viscoelastic material, plastic, rubber, gel,
carbon graphite, polycarbonate, or PVC. However, examples of a material constituting
the shock-absorbing member 281 are not limited thereto.

Referring to FIG. 8B, the screw 271 of a circular shape and the protruding coupling
member 291 are coupled at either end of the PCB substrate 261, and the shock-
absorbing member 281 is concentric with the screw 271 and the protruding coupling
member 291. However, embodiments of the disclosure are not limited thereto.
According to an embodiment of the disclosure, the PCB substrate 261 may be secured
to the substrate support 220 by fixing a quadrangular (not circular) coupling member
into a groove.

In the embodiments shown in FIGS. 8A and 8B, the shock-detecting sensor 262 is

not implemented as a module but is mounted directly on the PCB substrate 261, and
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the shock-absorbing member 281 is positioned at either end of the PCB substrate 261
to surround all sides, i.e., top, bottom, and side surfaces of the either end. Due to this
configuration, it is possible to attenuate a value of instantaneous shock transmitted to
the shock-detecting sensor 262 when the X-ray detector 200 is dropped or is subjected
to an external shock. Thus, a maximum instantaneous shock value measurable by the
shock-detecting sensor 262 may be smaller than a measurement limit, and a mea-
surement value from the shock-detecting sensor 262 may not be saturated. Ac-
cordingly, a range of shock values measurable by the shock-detecting sensor 262 may
be expanded.

FIG. 9A is a graph of an acceleration value of an X-ray detector, which is measured
over time by a shock-detecting sensor to which a shock-absorbing member is not
applied, and FIG. 9B is a graph of an acceleration value of an X-ray detector, which is
measured over time by a shock-detecting sensor whose top and bottom surfaces are
surrounded by a shock-absorbing member, according to an embodiment of the
disclosure.

The graphs of FIGS. 9A and 9B each show an acceleration value measured by a
shock-detecting sensor, and an impulse applied to the X-ray detector may be calculated
using an acceleration value measured by the shock-detecting sensor. In detail, an
impulse I due to a fall of the X-ray detector or shock applied thereto may be calculated
by multiplying a momentum P by the elapsed time At as defined by Equation 1 below:
[Math.1]
1=7x At

Because the momentum P is the product of mass and velocity, and the velocity is
calculated as the product of acceleration a and time t, the impulse I may be pro-
portional to acceleration a. The shock-detecting sensor may include at least one of an
accelerometer, a geomagnetic sensor, or a gyroscopic sensor, and measure in-
stantaneous acceleration values along three axes, i.e., the X- Y- and Z-axes, at re-
spective time points having a time interval corresponding to a sampling frequency by
using the accelerometer.

According to an embodiment of the disclosure, the shock-detecting sensor may
calculate an acceleration a by using a root mean square (RMS) of values measured by a
three-axis accelerometer measuring accelerations along the X-, Y-, and Z-axes, as
defined by Equation 2 below:

[Math.2]
a= VT YZT 22
According to another embodiment of the disclosure, the shock-detecting sensor may

calculate an acceleration a by using a vector sum of values measured by a three-axis
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accelerometer measuring accelerations along the X- Y-, and Z-axes, as defined by
Equation 3 below:

[Math.3]

a= Z(X|+ [Y]+ |Z])

Referring to FIG. 9A, when an X-ray detector is dropped or is subjected to external
shock, a maximum acceleration value measured by the shock-detecting sensor, to
which a shock-absorbing member is not applied, may exceed a measurement limit for
the shock-detecting sensor. In general, because a shock-detecting sensor mounted in an
X-ray detector has a compact size and a low measurement limit, when an acceleration
value momentarily increases due to a fall of the X-ray detector or shock applied
thereto, a measured acceleration value may reach a measurement threshold G 4 and
then become saturated. When a measured acceleration value reaches the measurement
threshold G ; measurable by the shock-detecting sensor, a maximum acceleration
value at a time when shock is applied may be measured as the measurement threshold
G u, and thus, distortion of a measurement value may occur.

For example, a maximum acceleration value that needs to be measured at a particular
time tmax after the X-ray detector is dropped may be measured as the measurement
threshold G  at the time tmax due to a measurement limit for the shock-detecting
Sensor.

Referring to FIG. 9B, shock transmitted to the shock-detecting sensor due to a fall of
the X-ray detector or external shock applied thereto may be attenuated by the shock-
absorbing member. Thus, an acceleration value measured by the shock-detecting
sensor may be reduced.

For example, an acceleration value at a particular time tmax when a maximum ac-
celeration value is to be measured may be equal to or less than a sensor measurement
threshold G . Because the shock-absorbing member is attached to the shock-detecting
sensor, saturation may not occur in the shock-detecting sensor, thereby preventing
distortion at which the maximum acceleration value equals the sensor measurement
threshold G .

As seen in the graphs of FIGS. 9A and 9B, instantaneous acceleration values
measured at respective time points by the shock-detecting sensors to which the shock-
absorbing member is and not applied are different, whereas impulses calculated by the
shock-detecting detectors as the integral of an instantaneous acceleration value over
time have approximately the same values. Thus, even when a shock-absorbing member
is applied to a shock-detecting sensor module, remarkable distortion does not occur in
a calculated impulse value.

FIG. 10A illustrates an acceleration value measured by a shock-detecting sensor, to

which a shock-absorbing member is not applied, with respect to the number of falls of
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an X-ray detector, and FIG. 10B illustrates an acceleration value measured by a shock-
detecting sensor, to which a shock-absorbing member is applied, with respect to the
number of falls of an X-ray detector according to an embodiment of the disclosure.

Referring to FIG. 10A, when the shock-absorbing member is not attached to the
shock-detecting sensor, an acceleration value measured when the X-ray detector is
dropped from a height of 30 cm is not clearly distinguishable from an acceleration
value measured when the X-ray detector is dropped from a height of 100 cm. For
example, when a measured acceleration value is in a range of between 1400 and 1600,
acceleration values in the case of falling from the height of 30 cm and acceleration
values in the case of falling from the height of 100 cm are distributed together over the
range. Furthermore, when the X-ray detector is dropped from the height of 30 cm, it
can be seen that a measured acceleration value in the graph of FIG. 10A is greater than
a measured acceleration value in the graph of FIG. 10B.

Referring to FIG. 10B, when the shock-absorbing member is attached to the shock-
detecting sensor, an acceleration value measured when the X-ray detector is dropped
from a height of 30 cm is highly distinguishable from an acceleration value measured
when the X-ray detector is drooped from a height of 100 cm, as compared to the case
illustrated in the graph of FIG. 10A. For example, acceleration values measured when
the X-ray detector is dropped from the height of 30 cm may often be observed in a
range above 800 on the graph of FIG. 10A but not be observed in that range on the
graph of FIG. 10B, as apparent from the Table 1 below:

[Table 1]

Without shock-|With shock-|Without shock-|With shock-

absorbing
memberFall from
30 cm

absorbing
memberFall from
30 cm

absorbing
memberFall at
100 em

absorbing
memberFall at
100 em

Average 805.9 436.2 2274.4 2021.6
Standard 295.9 184.1 640.8 466.0
deviation

Referring to the Table 1, even when the X-ray detector is dropped from the same

height of 30 cm, an average acceleration value measured by the shock-detecting sensor

with the shock-absorbing member attached thereto is less than an average acceleration

value measured by the shock-detecting sensor without the shock-absorbing member.

Furthermore, a standard deviation of acceleration values measured by the shock-

detecting sensor with the shock-absorbing member attached thereto (See FIG. 10B) is

smaller than a standard deviation of acceleration values measured by the shock-
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detecting sensor without the shock-absorbing member (See FIG. 10A).

As seen on the Table 1, when the X-ray detector is dropped from the height of 30 cm,
an average acceleration value obtained when the shock-absorbing member is applied is
about 370 less than an average acceleration value obtained when the shock-absorbing
member is not applied. On the other hand, when the X-ray detector is dropped from the
height of 100 cm, a difference between average acceleration values obtained when the
shock-absorbing is and not applied may be approximately 250. This may mean that
when the X-ray detector is dropped from the height of 100 cm, an acceleration value
exceeding a limit measurable by the shock-detecting sensor has been measured and a
measurement value itself has been saturated.

FIG. 11 is a block diagram of a configuration of an X-ray system 1000 according to
an embodiment of the disclosure.

Referring to FIG. 11, the X-ray system 1000 may include an X-ray detector 1100 and
a workstation 1200. According to an embodiment of the disclosure, the X-ray system
1000 may further include an X-ray irradiator emitting X-rays toward an object.

The X-ray detector 1100 may detect X-rays that are emitted by the X-ray irradiator
and pass through the object. The X-ray detector 1100 may include a shock-detecting
sensor module 1110, a shock-absorbing member 1120, a detector memory 1130, and a
detector controller 1140.

The shock-detecting sensor module 1110 may detect a shock applied to the X-ray
detector 1100 and measure an instantaneous acceleration value of the X-ray detector
1100. According to an embodiment of the disclosure, the shock-detecting sensor
module 1110 may measure acceleration values at respective time points having a time
interval corresponding to a preset sampling frequency. According to an embodiment of
the disclosure, the shock-detecting sensor module 1110 may include a three-axis ac-
celerometer that measures accelerations in the X- Y- and Z-axis directions. However,
embodiments of the disclosure are not limited thereto, and the shock-detecting sensor
module 1110 may further include at least one of a shock sensor, a geomagnetic sensor,
Or a gZyroscopic sensor.

The shock-absorbing member 1120 may be provided at one side of the shock-
detecting sensor module 1110 to surround portions of top and bottom surfaces of the
shock-detecting sensor module 260. The shock-absorbing members 1120 may be re-
spectively provided between the shock-detecting sensor module 1110 and a screw and
between the shock-detecting sensor module 1110 and a protruding coupling member.
An embodiment of the disclosure in which the shock-absorbing member 1120 is
attached to the shock-detecting sensor module 1110 is substantially the same as any
one of the embodiments of the disclosure described with reference to FIGS. 4A

through 8B showing attaching of the shock-absorbing members 280 and 281, and thus,
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a detailed description thereof will be omitted here.

The shock-absorbing member 1120 may absorb the shock applied to the X-ray
detector 1100. According to an embodiment of the disclosure, the shock-absorbing
member 1120 may absorb a shock applied to the shock-detecting sensor module 1110
due to a fall of the X-ray detector 1100 or external shock thereto. The shock-absorbing
member 1120 may attenuate a value of instantaneous shock transmitted to the shock-
detecting sensor module 1110 to thereby expand a range of shock values measurable
by the shock-detecting sensor module 1110.

The detector memory 1130 may store an instantaneous acceleration value measured
by the shock-detecting sensor module 1110. The detector memory 1130 may consist of
at least one of a volatile memory (e.g., dynamic random access memory (DRAM),
static RAM (SRAM), synchronous DRAM (SDRAM), etc.), a non-volatile memory
(e.g., one time programmable read-only memory (OTPROM), programmable ROM
(PROM), erasable and programmable ROM (EPROM), electrically erasable and pro-
grammable ROM (EEPROM), mask ROM, flash ROM, etc.), a hard disk drive (HDD),
or a solid state drive (SSD).

The detector controller 1140 may calculate an impulse applied to the X-ray detector
1100 by using an instantaneous acceleration value measured by the shock-detecting
sensor module 1110. The detector controller 1140 may be composed of at least one
processor having computational capabilities of calculating an impulse by using in-
stantaneous acceleration values measured at respective time points. For example, the
detector controller 1140 may be implemented as at least one hardware component from
among a central processing unit (CPU), a microprocessor, a graphic processing unit,
and an application server (AP).

According to an embodiment of the disclosure, the detector controller 1140 may
calculate an impulse by integrating with respect to time acceleration values measured
at respective time points having a time interval corresponding to a preset sampling
frequency. According to another embodiment of the disclosure, the detector controller
1140 may calculate an impulse based on a peak value among acceleration values
measured at time points corresponding to a preset sampling frequency. Furthermore,
the detector controller 1140 may calculate an impulse by summing up measurement
values obtained over a time interval when a measured acceleration value is greater than
or equal to a preset acceleration value. According to an embodiment of the disclosure,
the impulse may be calculated by a processor included in the shock-detecting sensor
module 1110.

A method whereby the detector controller 1140 calculates an impulse will be
described in more detail below with reference to FIG. 12.

The workstation 1200 may receive a command from a user and provide information
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to the user. According to an embodiment of the disclosure, the workstation 1200 may
receive a calculated impulse from the X-ray detector 1100 and output information
about the impulse to a display 1240. The workstation 1200 may include a controller
1210, a memory 1220, a communicator 1230, and the display 1240.

The controller 1210 may receive shock detection information from the X-ray detector
1100. For example, the shock detection information may include information about at
least one of the number of occurrences of a fall of or external shock to the X-ray
detector 1100, a time when the fall or external shock occurs, or a place where the fall
or external shock occurs. According to an embodiment of the disclosure, the controller
1210 may acquire information about an impulse calculated by the detector controller
1140 from the X-ray detector 1100.

According to an embodiment of the disclosure, the controller 1210 may generate in-
formation about usage history of the X-ray detector 1100 based on the shock detection
information received from the X-ray detector 1100. The information about usage
history of the X-ray detector 1100 may be usage information regarding how many
times the X-ray detector 1100 is dropped, how many times a shock greater than or
equal to a threshold is applied, a time when the shock or fall occurs, a place where the
shock or fall occurs, etc.

The controller 1210 may include a memory storing programs for performing the
above-described operations and operations that will be described later and a processor
executing the stored programs. For example, the controller 1210 may be formed as a
hardware module including at least one of a CPU, a microprocessor, a graphic
processing unit, RAM, or ROM. According to an embodiment of the disclosure, the
controller 1210 may be implemented as a hardware component such as a field-
programmable gate array (FPGA) or an application-specific integrated circuit (ASIC).

The controller 1210 may control the memory 1220 to store shock detection in-
formation received from the X-ray detector 1100 and information about usage history
of the X-ray detector 1100 generated based on the shock detection information.
According to an embodiment of the disclosure, the memory 1220 may also store an
impulse value calculated by the detector controller 1140.

The communicator 1230 may be controlled by the controller 1210 to transmit in-
formation about usage history of the X-ray detector 1100 to a cloud server 2000 or an
external server 3000. The communicator 1230 may include one or more components
that enable communication with an external device including the cloud server 2000 and
the external server 3000. For example, the communicator 1230 may include at least
one of a short-range communication module, a wired communication module, or a
wireless communication module.

The display 1240 may display a user interface (UI) for providing a user with in-
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formation indicating shock-detecting due to a fall of the X-ray detector 1100 or
external shock applied thereto. For example, the display 1240 may be constituted by a
physical device including at least one of a liquid crystal display (LCD), a plasma
display panel (PDP), an organic light-emitting display (OLED), a field emission
display (FED), a light-emitting diode (LED) display, a vacuum fluorescent display
(VFD), a digital light processing (DLP) display, a flat panel display (FPD), a 3D
display, or a transparent display, but is not limited thereto. According to an em-
bodiment of the disclosure, the display 1240 may be formed as a touch screen
including a touch interface.

According to an embodiment of the disclosure, the workstation 1200 may further
include a sound outputter configured to output an alarm sound that notifies about oc-
currence of a shock due to a fall of the X-ray detector 1100 or external shock applied
thereto.

FIG. 12 is a graph of an acceleration value of an X-ray detector measured by a shock-
detecting sensor with respect to time, according to an embodiment of the disclosure.

Referring to FIG. 12, an acceleration value G measured by a shock-detecting sensor
module according to an embodiment of the disclosure starts to rapidly increase at zero
(0) second and has a maximum value G .., at a time t ... The acceleration value G
then progressively decreases to a value close to O.

The detector controller (1140 of FIG. 11) may calculate an impulse by integrating ac-
celeration values G measured at respective time points having a time interval corre-
sponding to a preset sampling frequency with respect to time from the initial time to
the final time. As described with reference to FIGS. 9A and 9B, an impulse is an
integral of momentum over time, the momentum is the product of mass and velocity of
the X-ray detector, and the velocity is the product of acceleration and time. Thus, the
impulse may be calculated by integrating acceleration values G with respect to time.

According to an embodiment of the disclosure, the detector controller 1140 may
calculate an impulse based on the maximum value G ,,, among acceleration values
measured at time points corresponding to a sampling frequency.

According to another embodiment of the disclosure, the detector controller 1140 may
calculate an impulse by summing up acceleration values G measured over a time
interval (an interval between time points t ; and t ,) when a measured acceleration
value G is greater than or equal to a preset acceleration value G ... The preset ac-
celeration value G .. may be set or modified based on a user input.

According to an embodiment of the disclosure, the impulse may also be calculated by
a processor included in the shock-detecting sensor module (1110 of FIG. 11).

FIG. 13 is a flowchart of a method of operating an X-ray system according to an em-

bodiment of the disclosure.
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The X-ray system calculates an impulse applied to an X-ray detector via a shock-
detecting sensor module (S1310). According to an embodiment of the disclosure, the
shock-detecting sensor module mounted in the X-ray detector may include an ac-
celerometer that measures accelerations along three axes, i.e., X-, Y-, and Z-axes and
measure an acceleration value by using the accelerometer. The X-ray detector may
calculate an impulse by integrating measured acceleration values over time, by using a
maximum value among the measured acceleration values, or by summing up ac-
celeration values measured over a time interval when an acceleration value is greater
than or equal to a preset acceleration value. Because a method whereby the X-ray
detector calculates an impulse applied thereto is substantially the same as that
described with reference to FIG. 12, a detailed description thereof will be omitted here.

The X-ray system acquires information about usage history of the X-ray detector
based on information about the calculated impulse (S1320). According to an em-
bodiment of the disclosure, the X-ray system may receive from the X-ray detector in-
formation about at least one of the number of occurrences of a fall of or external shock
to the X-ray detector, a time when the fall or external shock occurs, or a place where
the fall or external shock occurs. According to an embodiment of the disclosure, the X-
ray system may generate the information about usage history of the X-ray detector
based on shock detection information received from the X-ray detector. The in-
formation about usage history of the X-ray detector may be usage information related
to how many times the user drops the X-ray detector during use, how many times a
shock greater than or equal to a threshold is applied, a time when the shock or fall
occurs, a place where the shock or fall occurs, etc.

The X-ray system transmits the information about usage history of the X-ray detector
to a cloud server (S1330). According to an embodiment of the disclosure, the X-ray
system may transmit the information about usage history of the X-ray detector to an
external server that is not the cloud server. In this case, the external server may be a
server of a manufacturer of the X-ray system, but is not limited thereto.

According to an embodiment of the disclosure, the X-ray system may provide a Ul
for providing a user with information indicating occurrence of a shock due to a fall of
the X-ray detector or external shock applied thereto. Furthermore, when shock occurs
due to a fall of the X-ray detector or external shock thereto, the X-ray system may
output an alarm sound to notify the user about occurrence of the shock.

The embodiments may be implemented as a software program including instructions
stored in a computer-readable storage medium.

A computer may refer to a device configured to retrieve an instruction stored in the
computer-readable storage medium and to operate, in response to the retrieved in-

struction, and may include an X-ray imaging apparatus according to embodiments of
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the disclosure.

The computer-readable storage medium may be provided in the form of a non-
transitory storage medium. In this regard, the term 'non-transitory' means that the
storage medium does not include a signal and is tangible, and the term does not dis-
tinguish between data that is semi-permanently stored and data that is temporarily
stored in the storage medium.

In addition, the X-ray detector, the X-ray system, and the method of operating the X-
ray system according to embodiments of the disclosure may be provided in the form of
a computer program product. The computer program product may be traded, as a
product, between a seller and a buyer.

The computer program product may include a software program and a computer-
readable storage medium having stored thereon the software program. For example,
the computer program product may include a product (e.g. a downloadable application)
in the form of a software program electronically distributed by a manufacturer of the
X-ray imaging apparatus or through an electronic market (e.g., Google ™, Play Store
™ and App Store ™). For such electronic distribution, at least a part of the software
program may be stored on the storage medium or may be temporarily generated. In this
case, the storage medium may be a storage medium of a server of the manufacturer, a
server of the electronic market, or a relay server for temporarily storing the software
program.

In a system consisting of a server and a terminal (e.g., the X-ray imaging apparatus),
the computer program product may include a storage medium of the server or a storage
medium of the terminal. Alternatively, in a case where a third device (e.g., a
smartphone) that communicates with the server or the terminal is present, the computer
program product may include a storage medium of the third device. Alternatively, the
computer program product may include a software program that is transmitted from the
server to the terminal or the third device or that is transmitted from the third device to
the terminal.

In this case, one of the server, the terminal, and the third device may execute the
computer program product, thereby performing the method according to embodiments
of the disclosure. Alternatively, at least two of the server, the terminal, and the third
device may execute the computer program product, thereby performing the method
according to embodiments of the disclosure in a distributed manner.

For example, the server (e.g., a cloud server, an artificial intelligence (Al) server, or
the like) may execute the computer program product stored in the server, and may
control the terminal to perform the method according to embodiments of the
disclosure, the terminal communicating with the server.

As another example, the third device may execute the computer program product,
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and may control the terminal to perform the method according to embodiments of the
disclosure, the terminal communicating with the third device. In more detail, the third
device may remotely control the X-ray imaging apparatus to emit X-ray to an object,
and to generate an image of an inner part of the object, based on detected radiation
which passes the object and is detected in an X-ray detector.

[182] As another example, the third device may execute the computer program product,
and may directly perform the method according to embodiments of the disclosure,
based on at least one value input from an auxiliary device (e.g., a gantry of CT
system). In more detail, the auxiliary device may emit X-ray to an object and may
obtain information of radiation which passes the object and is detected in an X-ray
detector. The third device may receive an input of signal information about the
detected radiation from the auxiliary device, and may generate an image of an inner
part of the object, based on the input radiation information.

[183] In a case where the third device executes the computer program product, the third
device may download the computer program product from the server, and may execute
the downloaded computer program product. Alternatively, the third device may
execute the computer program product that is pre-loaded therein, and may perform the
method according to the embodiments.

[184] The above-described embodiments of the disclosure may be embodied in form of a
computer-readable recording medium for storing computer executable instructions and
data. The instructions may be stored in form of program codes and, when executed by
a processor, may perform a certain operation by generating a certain program module.
Also, when executed by a processor, the instructions may perform certain operations of
the disclosed embodiments.

[185] While embodiments of the disclosure have been particularly shown and described
with reference to the accompanying drawings, it will be understood by those of
ordinary skill in the art that various changes in form and details may be made therein
without departing from the spirit and scope of the disclosure as defined by the
appended claims. The disclosed embodiments should be considered in descriptive

sense only and not for purposes of limitation.
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Claims
An X-ray system comprising:
an X-ray detector; and
a workstation, wherein the X-ray detector comprises:
a shock-detecting sensor module having a first side and a second side
opposite the first side, and being configured to measure an in-
stantaneous acceleration value of the X-ray detector,
a shock-absorbing member arranged at the first side of the shock-
detecting sensor module and the second side of the shock-detecting
sensor module,
a detector memory storing the instantaneous acceleration value
measured by the shock-detecting sensor module, and
a detector controller configured to calculate an impulse applied to the
X-ray detector by using the measured instantaneous acceleration value
and transmit the calculated impulse to the workstation,
wherein the workstation is configured to receive the calculated impulse
from the X-ray detector and output information about the impulse.
The X-ray system of claim 1, wherein the detector controller is further
configured to calculate the impulse by integrating with respect to time
acceleration values measured by the shock-detecting sensor module at
respective time points with a time interval corresponding to a preset
sampling frequency.
The X-ray system of claim 1, wherein the detector controller is further
configured to calculate the impulse based on a peak value among ac-
celeration values measured by the shock-detecting sensor module at re-
spective time points with a time interval corresponding to a preset
sampling frequency.
The X-ray system of claim 1, wherein the detector controller is further
configured to calculate the impulse by summing up, from among ac-
celeration values measured by the shock-detecting sensor module at re-
spective time points with a time interval corresponding to a preset
sampling frequency, acceleration values measured over a time interval
when an acceleration value is greater than or equal to a preset ac-
celeration value.
The X-ray system of claim 1, wherein
the workstation comprises a communication module configured to

transmit data to an external cloud server by using a wireless or wired
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communication method, and

the workstation is further configured to transmit the impulse to the
external cloud server by using the communication module.

The X-ray system of claim 1, wherein the workstation comprises a
controller configured to

receive shock detection information including at least one of

a number of occurrences of a fall of the X-ray detector or external
shock applied thereto,

a time when the fall or external shock occurs, and

a place where the fall or external shock occurs, and

generate information about usage history of the X-ray detector based on
the received shock detection information.

The X-ray system of claim 6, wherein

the workstation further comprises a communication module configured
to transmit data to an external server by using a wireless or wired com-
munication method, and

the controller is further configured to control the communication
module to transmit the generated information about the usage history to
the external server.

The X-ray system of claim 1, wherein the workstation comprises a
display displaying a user interface (UI) configured to provide a user
with information about an occurrence of a shock due to a fall of the X-
ray detector.

The X-ray system of claim 1, wherein the workstation comprises a
sound outputter configured to output an alarm sound notifying about an
occurrence of a shock due to a fall of the X-ray detector.

A method of operating an X-ray system including an X-ray detector
and a workstation, the method comprising:

calculating an impulse applied to the X-ray detector via a shock-
detecting sensor module to which a shock-absorbing member is
attached;

acquiring information about usage history of the X-ray detector based
on information about the calculated impulse; and

transmitting the acquired information about the usage history to a cloud
server.

The method of claim 10, wherein the acquiring of the information
about the usage history comprises:

receiving shock detection information comprising at least one of
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a number of occurrences of a fall of the X-ray detector or external
shock applied thereto,

a time when the fall or external shock occurs, and

a place where the fall or external shock occurs; and

generating the information about the usage history of the X-ray detector
based on the received shock detection information.

The method of claim 10, further comprising:

displaying a user interface (UI) configured to provide a user with in-
formation about an occurrence of a shock due to a fall of the X-ray
detector or outputting an alarm sound notifying about the occurrence of
the shock.

A computer program product comprising a non-transitory computer-
readable storage medium, wherein the non-transitory computer-
readable storage medium comprises instructions executable by a
processor to perform a method of operating an X-ray system, the
method comprising:

calculating an impulse applied to an X-ray detector via a shock-
detecting sensor module to which a shock-absorbing member is
attached;

acquiring information about usage history of the X-ray detector based
on information about the calculated impulse; and

transmitting the acquired information about the usage history to a cloud

SErver.
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