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(57) ABSTRACT

The X-ray detector includes a sensor module provided with
at least one sensor detecting an event, a communication
interface connectable to at least one workstation, and a
controller. The controller determines occurrence or non-
occurrence of the predefined event based on an output value
of the sensor module, and performs a configuration opera-
tion of the communication interface based on configuration
information corresponding to the generated predefined event
when occurrence of the predefined event is determined.
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FIG. 5

SENSOR 1 WAP #1 Configuration Data

SENSOR 2 WAP #2 Configuration Data
SENSOR 3 WAP #3 Configuration Data

SENSOR 4 WAP #4 Configuration Data
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X-RAY DETECTOR AND METHOD FOR
CONTROLLING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is based on and claims priority
under 35 U.S.C. § 119 to Korean Patent Application No.
10-2017-0164296, filed on Dec. 1, 2017, in the Korean
Intellectual Property Office, the disclosure of which is
incorporated by reference herein in its entirety.

BACKGROUND

1. Field

[0002] The disclosure relates to a portable X-ray detector
and a method for controlling the same.

2. Description of Related Art

[0003] X-ray imaging apparatuses irradiate an object with
X-rays and acquire an image of the object using X-rays
having passed through the object. X-ray transmittance varies
according to properties of materials constituting the object,
and thus, an internal structure of the object may be imaged
by detecting the intensity of X-rays having passed through
the object.

[0004] In order to acquire X-ray images using the X-ray
imaging apparatus, an X-ray detector detects X-rays having
passed through the object being irradiated with the X-rays
emitted from the X-ray source.

[0005] Recently, portable X-ray detectors that can be
carried by the humans have been widely used.

SUMMARY

[0006] In accordance with an aspect of the disclosure,
there is provided an X-ray detector for allowing a sensor
module embedded therein to detect a predefined event, and
automatically performing network configuration (i.e., net-
work setting) according to access point (AP) information or
workstation information corresponding to the detected
event, such that a user of the X-ray detector does not need
to manually change configuration information of the X-ray
detector one by one even when the X-ray detector is used in
a plurality of imaging rooms or in a plurality of X-ray
imaging apparatuses, resulting in greater convenience of the
user, as well as to provide a method for controlling the same.
[0007] In accordance with an aspect of the disclosure,
there is provided an X-ray detector apparatus and a method
for controlling the same. The X-ray detector apparatus may
be used as a plurality of X-ray detectors within only one
imaging room. In this case, if any one of the X-ray detectors
contained in the X-ray detector apparatus detects a pre-
defined event using an embedded sensor module therein, the
corresponding X-ray detector having detected the predefined
event may transmit identification (ID) information thereof
and a signal indicating occurrence of the event to a work-
station, and may be automatically paired with the worksta-
tion, such that the user can easily and correctly recognize
which one of the plurality of X-ray detectors will be used for
X-ray imaging.

[0008] Additional aspects of the invention will be set forth
in part in the description which follows and, in part, will be
obvious from the description, or may be learned by practice
of the invention.
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[0009] In accordance with an aspect of the disclosure, an
X-ray detector includes a sensor module provided with at
least one sensor detecting an event, a communication inter-
face connectable to at least one workstation, and a controller
configured to determine occurrence or non-occurrence of the
predefined event based on an output value of the sensor
module, and perform a configuration operation of the com-
munication interface based on configuration information
corresponding to the generated predefined event when
occurrence of the predefined event is determined.

[0010] The sensor module may include at least one of a
magnetic sensor, an optical sensor, an infrared (IR) sensor,
an ultrasonic sensor, an acceleration sensor, a touch sensor,
a gyro sensor, and a temperature sensor.

[0011] The sensor module may include as many sensors
either as the number of the at least one workstation or as the
number of APs needed to connect the at least one worksta-
tion to the communication interface.

[0012] The controller may perform a configuration opera-
tion of the communication interface based on workstation
information or AP information corresponding to a sensor
having detected the predefined event among the at least one
sensor contained in the sensor module.

[0013] Ifoccurrence of the predefined event is determined,
the controller may perform a configuration action of the
communication interface based on configuration informa-
tion corresponding to either category information of the
generated event or information about how many times the
event has occurred.

[0014] The controller may perform a configuration action
of the communication interface based on workstation infor-
mation or AP information corresponding to the number of
generated events.

[0015] Ifoccurrence of the predefined event is determined,
the controller may transmit imaging mode information cor-
responding to the generated event to the workstation con-
nected to the communication interface.

[0016] Ifoccurrence of the predefined event is determined,
the controller may configure a drive mode of the X-ray
detector according to information about a drive mode cor-
responding to the generated event.

[0017] The X-ray detector may further include a storage
configured to match AP information or workstation infor-
mation corresponding to each of the predefined events to the
respective predefined events, and store the matched infor-
mation.

[0018] In accordance with an aspect of the disclosure, an
X-ray detector includes a sensor module provided with at
least one sensor detecting an event, a communication inter-
face connectable to at least one workstation, and a controller
configured to determine occurrence or non-occurrence of the
predefined event based on an output value of the sensor
module, and transmit an event occurrence signal and ID
information of the X-ray detector to a workstation connected
to the communication interface when occurrence of the
predefined event is determined.

[0019] Ifoccurrence of the predefined event is determined,
the controller may transmit imaging mode information cor-
responding to the generated event to the workstation con-
nected to the communication interface.

[0020] Ifoccurrence of the predefined event is determined,
the controller may configure a drive mode of the X-ray
detector according to drive mode information corresponding
to the generated event.
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[0021] The sensor module may include as many sensors as
the number of the imaging modes.

[0022] The controller may transmit imaging mode infor-
mation corresponding to a sensor having detected the pre-
defined event among the at least one sensor contained in the
sensor module, to a workstation connected to the commu-
nication interface.

[0023] In accordance with an aspect of the disclosure, a
method for controlling an X-ray detector includes matching
configuration information of corresponding communication
interfaces to the respective predefined events, and storing the
matched information, determining occurrence or non-occur-
rence of the predefined event based on an output value of a
sensor module, and if occurrence of the predefined event is
determined, performing a configuration operation of the
communication interface based on configuration informa-
tion corresponding to the generated event.

[0024] The sensor module may include at least one of a
magnetic sensor, an optical sensor, an IR sensor, an ultra-
sonic sensor, an acceleration sensor, a touch sensor, a gyro
sensor, and a temperature sensor.

[0025] The sensor module may include as many sensors
either as the number of the at least one workstation or as the
number of APs needed to connect the at least one worksta-
tion to the communication interface.

[0026] The performing the configuration operation of the
communication interface may include performing a configu-
ration action of the communication interface based on
workstation information or AP information corresponding to
a sensor having detected the predefined event among the at
least one sensor contained in the sensor module.

[0027] The method may further include, if the occurrence
of the predefined event is determined, performing a con-
figuration action of the communication interface based on
configuration information corresponding to either category
information of the generated event or information about how
many times the event has occurred.

[0028] The performing the configuration action of the
communication interface may include performing a configu-
ration action of the communication interface based on
workstation or AP information corresponding to the number
of generated events.

[0029] The method may further include, if occurrence of
the predefined event is determined, configuring an imaging
mode of the X-ray detector according to imaging mode
information corresponding to the generated event.

[0030] The configuring the imaging mode of the X-ray
detector may include, after completion of the configuration
action of the communication interface, transmitting imaging
mode information corresponding to the generated event to a
workstation connected to the communication interface.
[0031] The method may further include, if occurrence of
the predefined event is determined, configuring a drive mode
of the X-ray detector according to drive mode information
corresponding to the generated event.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and other aspects, features, and advan-
tages of certain embodiments of the present disclosure will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:
[0033] FIG. 1 is a control block diagram illustrating an
X-ray imaging apparatus to which an X-ray detector can be
applied according to an embodiment.
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[0034] FIG. 2 is a conceptual diagram illustrating an
exemplary case in which one X-ray detector is used in a
plurality of imaging rooms.

[0035] FIG. 3 is a block diagram illustrating an X-ray
detector according to an embodiment.

[0036] FIG. 4 is a view illustrating the external appearance
of an X-ray detector according to an embodiment.

[0037] FIG. 5 is a conceptual diagram illustrating one
example of information stored in a storage of an X-ray
detector according to an embodiment.

[0038] FIGS. 6A, 6B, 6C, and 6D illustrate an example of
network configuration according to an embodiment.

[0039] FIG. 7 is a conceptual diagram illustrating an
example of information stored in a storage of an X-ray
detector according to an embodiment.

[0040] FIGS. 8A, 8B, 8C, and 8D illustrate an example of
network configuration according to an embodiment.

[0041] FIG. 9 is a view illustrating exemplary events
detected by a sensor module of an X-ray detector according
to an embodiment.

[0042] FIG. 10 is a conceptual diagram illustrating
examples of events generated in a magnetic sensor accord-
ing to an embodiment.

[0043] FIG. 11 is a conceptual diagram illustrating
example of events generated in a touch sensor according to
an embodiment.

[0044] FIG. 12 is a conceptual diagram illustrating
examples of network configuration according to an embodi-
ment.

[0045] FIG. 13 is a conceptual diagram illustrating
examples of signals transmitted to a workstation according
to an embodiment.

[0046] FIG. 14 is a conceptual diagram illustrating
examples of a plurality of sensors mounted to an X-ray
detector according to an embodiment.

[0047] FIG. 15 is a flowchart illustrating a method for
controlling an X-ray detector according to an embodiment.
[0048] FIG. 16 is a flowchart illustrating a method for
controlling an X-ray detector according to an embodiment.

DETAILED DESCRIPTION

[0049] Reference will now be made in detail to the
embodiments of the disclosure, examples of which are
illustrated in the accompanying drawings, wherein like
reference numerals refer to like elements throughout. It
should be noted that the specification does not describe all
the constituent elements of the embodiments, and general
matters well known to those skilled in the art and redundant
matters of the embodiments will not be described herein for

clarity.
[0050] Throughout the specification, terms “ . . . part”,
...module”, “. .. member”, “...block”, and the like mean

an element capable of being implemented by hardware,
software, or a combination thereof. As used in the specifi-
cation and appended claims, the term “ . . . parts”,
modules”, . members”, or “ . . . blocks” may be
implemented by a single constituent element, or the term “
... part”, “ ... module”, “ ... member”, or “. .. block”
may include a plurality of constituent elements.

[0051] Throughout the specification, if it is assumed that
a certain part is connected (or coupled) to another part, the
term “‘connection or coupling” means that the certain part is
directly connected (or coupled) to another part and/or is

indirectly connected (or coupled) to another part. Here,
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indirect connection (or indirect coupling) may conceptually
include connection (or coupling) over a wireless communi-
cation network.

[0052] Throughout the specification, if it is assumed that
a certain part includes a certain component, the term “com-
prising or including” means that a corresponding component
may further include other components unless context clearly
indicates otherwise.

[0053] Throughout the specification, if it is described that
a certain member is “located ahead of” or “located behind”
another element, the terms “located ahead of” or “located
behind” mean that the element may be arranged to contact
the another element or the intervening elements may be
present between two elements.

[0054] In description of the disclosure, the terms “first”
and “second” may be used to describe various components,
but the components are not limited by the terms. These terms
may be used to distinguish one component from another
component. For example, a first component may be called a
second component and a second component may be called
a first component without departing from the scope of the
disclosure. The term “and/or” may include a combination of
a plurality of items or any one of a plurality of items.
[0055] The terms “a”, “an”, “one”, “the” and other similar
terms include both singular and plural forms, unless context
clearly dictates otherwise.

[0056] Identification numbers for use in respective opera-
tions to be described later are used for convenience of
description and better understanding of the disclosure, do
not describe the order or sequence of the respective opera-
tions of the disclosure, and the respective operations of the
disclosure may be carried out in a different way from the
order written in the disclosure, unless context of each
operation clearly indicates a specific order.

[0057] Expressions such as “at least one of” and “at least
one among,” when preceding a list of elements, modity the
entire list of elements and do not modify the individual
elements of the list. For example, the expressions “at least
one of a, b, and ¢” and “at least one of a, b, or ¢ should be
understood as including only a, only b, only ¢, both a and b,
both a and ¢, both b and ¢, or all of a, b, and c.

[0058] FIG. 1 is a control block diagram illustrating an
X-ray imaging apparatus 1 to which an X-ray detector can
be applied according to an embodiment.

[0059] Referring to FIG. 1, a guide rail 30 may be
mounted to the ceiling of an examination room in which the
X-ray imaging apparatus 1 is installed. An X-ray source 80
may be connected to a moving carriage 40 movable along
the guide rail 30, such that the X-ray source 80 may be
movable to a certain position corresponding to a target
object P.

[0060] The moving carriage 40 is disposed at the lower
side of the guide rail 30 so that the moving carriage 40 is
movable along the guide rail 30. At the moving carriage 40
may be disposed a roller movable along the guide rail 30.
The moving carriage 40 is movable in the first direction D1
and in the second direction D2 along the guide rail 30.
[0061] The moving carriage 40 may be connected to the
X-ray source 80 through a bendable post frame 50, such that
the height of the X-ray source 80 can be adjusted along a
third direction D3.

[0062] A rotary joint 60 may be disposed between the
X-ray source and the post frame 50. The rotary joint 60 may
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include a first rotary joint 61 connected to the post frame 50
and a second rotary joint 62 connected to the X-ray source
80.

[0063] The first rotary joint 61 may rotate in a fourth
direction D4, and the second rotary joint 62 may rotate in a
fifth direction D5. If the second rotary joint 62 rotates in a
fifth direction D5, a tilt angle or rotation angle of the X-ray
source 80 may be adjusted.

[0064] The X-ray source 80 may be automatically or
manually movable. If the X-ray source 80 automatically
moves, the X-ray imaging apparatus 1 may further include
adriver, such as a motor, to provide the X-ray source 80 with
drive power.

[0065] A workstation 90 may be disposed in the space
isolated from the space including the X-ray source 80
through a shielding film B. The workstation 90 may include
an input unit 92 configured to receive a command from the
user and a display 91 configured to display information
thereon.

[0066] The input unit 92 may receive an imaging protocol,
an X-ray emission condition, an X-ray emission time point,
and other commands needed for position control, point of
interest (POI) region setting, etc. of the X-ray source 80 as
input signals. The input unit 92 may include a keyboard, a
mouse, a touch panel, a voice recognizer, a microphone, etc.
The input unit 92 implemented as a touch panel may be
disposed at the front of the display 91, resulting in formation
of a touchscreen.

[0067] The display 91 may display an X-ray image, a
camera image, a screen image for guiding the user to input
a command, and a status image for displaying status infor-
mation of the X-ray imaging apparatus 1.

[0068] The X-ray detector 100 may be mounted to a
mounting part 14 or 24 provided in a table 10 or a stand 20,
respectively, or may be implemented as a portable X-ray
detector capable of being made available at any arbitrary
position.

[0069] In a table mode, the X-ray detector 100 may be
installed to the mounting part 14 of the table 10, such that
the X-ray detector 100 may perform X-ray imaging of the
target object P lied down on the table 10. In a stand mode,
the X-ray detector 100 may be installed to the mounting part
24 of the stand 20, such that the X-ray detector 100 may
perform X-ray imaging of the target object P who stands in
front of the stand 20.

[0070] In a portable mode, the X-ray detector 100 is not
installed to the mounting part 14 or 24 and may be located
behind a region of the target object P, the X-ray detector 100
may perform X-ray imaging of the region of the target object
P.

[0071] The X-ray detector 100 may be used as a constitu-
ent element of the X-ray imaging apparatus 1, or may not be
included in the X-ray imaging apparatus. In the latter case,
the X-ray detector 100 may be registered in the X-ray
imaging apparatus 1 by a user or administrator. In addition,
not only in the former case, but also in the latter case, X-ray
images acquired by the X-ray detector 100 detecting X-rays
may be transferred to the workstation 90.

[0072] FIG. 2 is a conceptual diagram illustrating an
exemplary case in which only one X-ray detector is used in
a plurality of imaging rooms.

[0073] Referring to FIG. 2, the X-ray detector 100 may be
implemented as a portable product capable of being easily
carried by the user, without being fixed to the mounting part
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14 or 24 of the X-ray imaging apparatus 1, such that only
one X-ray detector 100 may be shared by a plurality of
imaging rooms R1, R2, R3, and R4 as shown in FIG. 2. The
following embodiment describes an exemplary case in
which four imaging rooms R1, R2, R3, and R4 share only
one X-ray detector 100 for convenience of description, but
a number of rooms can be 2, 3, ... 10, ..., 20, etc.
[0074] The X-ray imaging apparatus 1 may be installed in
each of the imaging rooms. In order to use the X-ray detector
100, communication connection or network connection
needs to be first implemented in a manner that the worksta-
tion 90 installed in the corresponding imaging room can
communicate with the X-ray detector 100 through the com-
munication or network connection.

[0075] In order to use the X-ray detector 100 within a first
imaging room R1, a configuration (hereinafter referred to as
first configuration “Configuration 1”’) needs to be established
for allowing the workstation 90 installed in the first imaging
room R1 to communicate with the X-ray detector 100. In
order to use the X-ray detector 100 within a second imaging
room R2, a configuration (hereinafter referred to as second
configuration “Configuration 2”) needs to be established for
allowing the workstation 90 installed in the second imaging
room R2 to communicate with the X-ray detector 100.
[0076] Inordertouse the X-ray detector 100 within a third
imaging room R3, a configuration (hereinafter referred to as
third configuration “Configuration 3”) needs to be estab-
lished for allowing the workstation 90 installed in the third
imaging room R3 to communicate with the X-ray detector
100. In order to use the X-ray detector 100 within a fourth
imaging room R4, a configuration (hereinafter referred to
fourth configuration “Configuration 4”) needs to be estab-
lished for allowing the workstation 90 installed in the fourth
imaging room R4 to communicate with the X-ray detector
100.

[0077] In the related art, communication between the
X-ray detector and a workstation is implemented manually
by the user who needs to directly input configuration infor-
mation for Configuration 1, configuration information for
Configuration 2, configuration information for Configura-
tion 3, or configuration information for Configuration 4
whenever an imaging room to be used for X-ray imaging is
changed to another imaging room. However, the X-ray
detector 100, according to an embodiment, automatically
implements communication between the X-ray detector 100
and a workstation by detecting the presence or absence of a
specific event, such that the X-ray detector 100, according to
an embodiment, increases user convenience, configuration
accuracy, and/or a workflow of the hospital or an imaging
facility.

[0078] FIG. 3 is a block diagram illustrating an X-ray
detector according to an embodiment. FIG. 4 is a view
illustrating the external appearance of the X-ray detector
according to an embodiment.

[0079] Referring to FIG. 3, the X-ray detector 100 may
include a sensor module 110, e.g., sensor assembly, a storage
120, a communication interface 140, a controller 130, e.g.,
at least one processor or a microprocessor, and a detection
module 150. The sensor module 110 may detect the presence
or absence of an event. The storage 120 may match con-
figuration information needed for communication with the
workstation to respective predefined events, and may store
the matched information therein. The communication inter-
face 140 may communicate with an external device through
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wireless communication. If any one of the predefined events
is detected, the controller 130 may perform configuration of
the communication interface 140 using configuration infor-
mation corresponding to the detected event. The detection
module 150 may detect X-rays.

[0080] The sensor module 110 may include at least one of
a magnetic sensor, an optical sensor, an IR sensor, an
ultrasonic sensor, an acceleration sensor, a touch sensor, a
gyro sensor, and a temperature sensor. If the sensor module
110 includes a plurality of sensors, the plurality of sensors
may include only one kind of sensors, or different kinds of
sensors.

[0081] If the sensor module 110 includes a magnetic
sensor, an event detected by the sensor module 110 may
include occurrence of a magnetic field. If the sensor module
110 includes an optical sensor, an IR sensor, and/or an
ultrasonic sensor, an event to be detected by the sensor
module 110 may include the presence or absence of an
approaching object. If the sensor module 110 includes a
touch sensor, an event to be detected by the sensor module
110 may include information about contact or non-contact of
the object.

[0082] If the sensor module 110 includes a gyro sensor or
an acceleration sensor, an event to be detected by the sensor
module 110 may include information about rotation move-
ment or rectilinear movement of the X-ray detector 100. If
the sensor module 110 includes a temperature sensor, an
event to be detected by the sensor module 110 may include
information about change in temperature.

[0083] For example, the sensor module 110 may include
as many sensors as the number of imaging rooms, the
number of APs, or the number of workstations.

[0084] The sensor module 110 may include only one
sensor, and different events corresponding to different imag-
ing rooms, different events corresponding to different APs,
or different events corresponding to different workstations
may be matched to only one sensor.

[0085] The sensor module 110 may be embedded in the
X-ray detector 100 or may be fabricated to be disposed
outside.

[0086] For example, if the sensor contained in the sensor
module 110 is at least one of the magnetic sensor, the
acceleration sensor, the gyro sensor, and the temperature
sensor, this sensor module 110 may be embedded in the
X-ray detector 100.

[0087] If the sensor contained in the sensor module 110 is
at least one of the optical sensor, the ultrasonic sensor, and
the touch sensor, this sensor module 110 may be fabricated
to be exposed outside the X-ray detector 100. If the housing
of'the X-ray detector 100 is formed of a transparent material,
this sensor module 110 may be provided in the transparent
housing.

[0088] As shown in FIG. 4, if the sensor module 110 is
embedded in the X-ray detector 100, markers 103-1, 103-2,
103-3, and 103-4, each of which indicating the position of
the sensor, may be provided on the housing 101 of the X-ray
detector 100.

[0089] For example, if the sensor module 110 includes
four sensors, i.e., first through fourth sensors 111, 112, 113,
and 114, markers 103-1, 103-2, 103-3, and 103-4 may be
provided at the positions corresponding to the respective
sensors.

[0090] The markers 103-1, 103-2, 103-3, and 103-4 may
be engraved or embossed in the housing 101, may be
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attached to the surface of the housing 101, or may be printed
on the surface of the housing 101. In this way, the markers
103-1, 103-2, 103-3, and 103-4 may indicate the position of
each sensor, and there is no limitation in categories of the
markers 103-1, 103-2, 103-3, and 103-4.

[0091] After the X-ray detector 100 has been manufac-
tured and sold to customers, the markers 103-1, 103-2,
103-3, and 103-4 may be directly provided by an instruction
of a user of the X-ray detector 100.

[0092] Referring back to FIG. 3, the storage 120 may
match configuration information needed to establish com-
munication with the workstation to the respective predefined
events, and may store the matched information therein. In
this case, the configuration information needed to establish
communication with the workstation acting as a destination
of such communication connection may include information
about an AP connected to the workstation or ID information
of the corresponding workstation. The AP information may
include wireless AP (WAP) configuration data, and the WAP
configuration data may include at least one of a Service Set
Identifier (SSID), an Internet (IP) address, a passphrase, a
country code, etc.

[0093] The workstation ID information may include at
least one of an IP address, a Media Access Control (MAC)
address, etc.

[0094] The storage 120 may include a non-volatile
memory, such as a read only memory (ROM), a flash
memory, a hard disc, or an optical disc drive, and/or a
volatile memory, such as a Static Random Access memory
(SRAM) or a Dynamic Random Access Memory (DRAM).
[0095] The communication interface 140 may communi-
cate with the workstation 90 through wireless communica-
tion. For example, the communication interface 140 may
receive an X-ray emission ready signal from the workstation
90, and may transmit X-ray imaging signals acquired by the
detection module 150 detecting X-rays to the workstation
90.

[0096] The communication interface 140 may include a
wireless communication interface and/or a wired interface to
communicate wirelessly and/or by wires with the various
components and/or devices. For example, the communica-
tion interface 140 may include a connector, a plug, a
processor, a microprocessor, a transceiver, and/or an
antenna, etc. For example, the communication interface 140
may include at least one of various wireless communication
interfaces based on Wireless Local Access Network
(WLAN), Wireless Fidelity (Wi-Fi), Wireless Broadband
(WiBro), Global System for Mobile Communication
(GSM), Code Division Multiple Access (CDMA), Wide-
band Code Division Multiple Access (WCDMA), Universal
Mobile Telecommunications System (UMTS), Time Divi-
sion Multiple Access (TDMA), Long Term Evolution (LTE),
4G communication, 5G communication, etc.

[0097] In order to allow the communication interface 140
to communicate with a specific external device, the com-
munication interface 140 needs to perform a configuration
action to implement communication with the specific exter-
nal device. In the following embodiment, the configuration
action may be a network configuration.

[0098] The controller 130 may determine whether the
sensor module 110 has detected any of the predefined events.
For this purpose, an output value of the sensor module 110
may be transmitted to the controller 130. The output value
of the sensor module 110 may be transmitted to the con-
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troller 130 in real time or periodically. If there is a change
in output values of the sensor module 110, i.e., if the sensor
module 110 detects any of the new events, the changed
output value may be transmitted to the controller 130 upon
detection or as defined by a user.

[0099] The controller 130 may determine whether the
predefined event has occurred based on the output value of
the sensor module 110. If the controller 130 determines
occurrence of the predefined event, i.e., if the sensor module
110 detects the predefined event, configuration information
corresponding to the detected event may be searched for in
the storage 120, such that the retrieved configuration infor-
mation can be acquired from the storage 120. If the con-
figuration information corresponding to the detected event
has been acquired, the controller 130 may perform network
configuration of the communication interface 140 based on
the acquired configuration information.

[0100] The controller 130 may control overall operation of
the X-ray detector 100. For example, upon receiving an
X-ray emission ready signal from the workstation 90 con-
nected to the communication interface 140, the controller
130 may control the detection module 150 to enter a ready
status in which the detection module 150 can detect X-rays.
If the detection module 150 detects an X-ray imaging signal
by detecting X-rays, the detection module 150 may transmit
the detected X-ray imaging signal to the workstation 90
through the communication interface 140.

[0101] The controller 130 may use the storage 120 and/or
include at least one memory to store programs needed for the
aforementioned operations or other operations, and may
include at least one processor to execute the stored pro-
grams.

[0102] The detection module 150 may be classified
according to a scheme for converting the detected X-rays
into an electrical signal and a scheme for obtaining the
electrical signal. The scheme for converting X-rays into the
electrical signal may be a direct conversion scheme and an
indirect conversion scheme.

[0103] Additionally, according to a method of obtaining
electrical signals, the detection module 150 may be classi-
fied into a charge integration mode in which charges are
stored for a certain time and then signals are obtained, and
a photon counting mode in which photons having energy
greater than threshold energy are counted whenever signals
are generated by a single X-ray photon. During the photon
counting mode, the target object can be imaged with a lower
dose (i.e., a smaller number of X-ray photons), and a
superior signal-to-noise ratio (SNR) image can be obtained.
On the other hand, X-ray flux detectable by the detection
module 150 in the charge integration mode may be higher
than X-ray flux detectable by the detection module 150 in
the photon counting mode. That is, a saturation level and a
dynamic range for use in the charge integration mode may
be higher than a saturation level and a dynamic range for use
in the photon counting mode.

[0104] In the direct conversion mode, if X-rays are irra-
diated, electron-hole pairs may be temporarily generated in
a light receiving element of the detection module 150, and
the electrons move to an anode and the holes move to a
cathode by an electric field applied to both ends of the light
receiving element, such that detection elements may convert
such movement into electrical signals. In the direct conver-
sion mode, a material used for the light receiving element
may include a-Se, CdZnTe, Hgl,, Pbl, or the like.
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[0105] In the indirect conversion mode, a scintillator may
be provided over the detection module 150. X-rays irradi-
ated from the X-ray source 80 react with a scintillator and
photons having a wavelength of visible light are emitted.
The light receiving element detects the photons and converts
the same into electrical signals. In the indirect conversion
mode, a material used for the light receiving element may
include a-Si or the like, and the scintillator may be embodied
as a thin-film type GADOX scintillator, or a micro-column
type or needle structured type Csl (T1) scintillator.

[0106] The detection module 150 may be implemented
using any of the direct conversion mode, the indirect con-
version mode, the charge integration mode, and the photon
counting mode. All kinds of the direct conversion mode, the
indirect conversion mode, the charge integration mode, and
the photon counting mode can be applied to the detection
module 150 without departing from the scope or spirit of the
disclosure.

[0107] FIG. 5 is a conceptual diagram illustrating one
example of information stored in the storage of the X-ray
detector according to an embodiment. FIGS. 6A to 6D
illustrate an example of network configuration that is per-
formed in response to an event generated in the sensor
module of the X-ray detector according to an embodiment.
[0108] Referring to FIG. 5, the storage 120 may perform
matching of AP information to be used in network configu-
ration for each sensor having detected the predefined event,
and may store the matched information therein. For
example, WAP #1 configuration data to be connected to a
first AP (AP 1) may be matched to a first sensor 111 among
four sensors contained in the sensor module 110, and the
matched information may be stored in the storage 120. WAP
#2 configuration data to be connected to a second AP (AP 2)
may be matched to a second sensor 112 among the four
sensors, and the matched information may be stored in the
storage 120. WAP #3 configuration data to be connected to
a third AP (AP 3) may be matched to a third sensor 113
among the four sensors, and the matched information may
be stored in the storage 120. WAP #4 configuration data to
be connected to a fourth AP (AP 4) may be matched to a
fourth sensor 114 among the four sensors, and the matched
information may be stored in the storage 120.

[0109] Information to be stored in the storage 120 may be
input to the storage 120 by the user or an installation
engineer during installation of the X-ray detector 100.
[0110] If the predefined event occurs in at least one of the
four sensors contained in the sensor module 110, AP infor-
mation corresponding to the sensor in which the event has
occurred may be searched for in the storage 120, and may be
acquired from the storage 120. Network configuration of the
communication interface 140 may be carried out based on
the acquired AP information.

[0111] For example, if the sensor module 110 includes a
magnetic sensor, the sensor module 110 may detect occur-
rence of a magnetic field. The user may generate an event in
the sensor module 110 using a magnet configured to gener-
ate a magnetic field having predetermined intensity. The
controller 130 may preset the intensity of a magnetic field
generated by the corresponding magnet to a reference value.
If the sensor module 110 detects a magnetic field that is
equal to or higher than the reference value, i.e., if the output
value of the sensor module 110 is equal to or higher than the
reference value, the controller 130 may determine that the
predefined event has occurred.
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[0112] The user may be apprised of the event correspond-
ing to either the AP or the workstation to be connected to the
X-ray detector 100, and may perform operation needed to
the corresponding event. For example, if the predefined
event indicates a specific event generated in the sensor
allocated to each AP or each workstation, the user may
generate the specific event in the sensor allocated to the AP
or workstation of the imaging room in which the X-ray
detector 100 is scheduled to be used.

[0113] Referring to FIG. 6A, if the user moves the magnet
M toward the first sensor 111, for example, if the user places
the magnet M over a first marker 103-1 corresponding to the
first sensor 111, the controller 130 may determine that the
predefined event has occurred in the first sensor 111 among
the plurality of sensors contained in the sensor module 110.
[0114] The controller 130 may search for AP information
corresponding to the first sensor 111 in the storage 120, and
may acquire the retrieved AP information from the storage
120. If the same information as in FIG. 5 is stored in the
storage 120, the controller 130 may acquire WAP #1 con-
figuration data to be connected to the first AP (AP1), and
may perform network configuration of the communication
interface 140 using the WAP #1 configuration data.

[0115] If such network configuration is completed, the
communication interface 140 may be connected to the first
workstation 90-1 through the first AP (AP 1). For example,
if the first AP (AP 1) is installed in a first imaging room R1,
the X-ray detector 100 may be made available in the first
imaging room R1.

[0116] InFIG. 6B, if the user moves the magnet M toward
the second sensor 112, for example, if the user places the
magnet M over a second marker 103-2 corresponding to the
second sensor 112, the controller 130 may determine that the
predefined event has occurred in the second sensor 112
among the plurality of sensors contained in the sensor
module 110.

[0117] The controller 130 may search for AP information
corresponding to the second sensor 112 in the storage 120,
and may acquire the retrieved AP information from the
storage 120. If the same information as in FIG. 5 is stored
in the storage 120, the controller 130 may acquire WAP #2
configuration data to be connected to the second AP (AP2),
and may perform network configuration of the communica-
tion interface 140 using the WAP #2 configuration data.
[0118] If such network configuration is completed, the
communication interface 140 may be connected to the
second workstation 90-2 through the second AP (AP 2). For
example, if the second AP (AP 2) is installed in a second
imaging room R2, the X-ray detector 100 may be made
available in the second imaging room R2.

[0119] InFIG. 6C, if the user moves the magnet M toward
the third sensor 113, for example, if the user places the
magnet M over a third marker 103-3 corresponding to the
third sensor 113, the controller 130 may determine that the
predefined event has occurred in the third sensor 113 among
the plurality of sensors contained in the sensor module 110.
[0120] The controller 130 may search for AP information
corresponding to the third sensor 113 in the storage 120, and
may acquire the retrieved AP information from the storage
120. If the same information as in FIG. 5 is stored in the
storage 120, the controller 130 may acquire WAP #3 con-
figuration data to be connected to the third AP (AP3), and
may perform network configuration of the communication
interface 140 using the WAP #3 configuration data.
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[0121] If such network configuration is completed, the
communication interface 140 may be connected to the third
workstation 90-3 through the third AP (AP 3). For example,
if the third AP (AP 3) is installed in a third imaging room R3,
the X-ray detector 100 may be made available in the third
imaging room R3.

[0122] InFIG. 6D, ifthe user moves the magnet M toward
the fourth sensor 114, for example, if the user places the
magnet M over a fourth marker 103-4 corresponding to the
fourth sensor 114, the controller 130 may determine that the
predefined event has occurred in the fourth sensor 114
among the plurality of sensors contained in the sensor
module 110.

[0123] The controller 130 may search for AP information
corresponding to the fourth sensor 114 in the storage 120,
and may acquire the retrieved AP information from the
storage 120. If the same information as in FIG. 5 is stored
in the storage 120, the controller 130 may acquire WAP #4
configuration data to be connected to the fourth AP (AP4),
and may perform network configuration of the communica-
tion interface 140 using the WAP #4 configuration data.

[0124] If such network configuration is completed, the
communication interface 140 may be connected to the fourth
workstation 90-4 through the fourth AP (AP 4). For example,
if the fourth AP (AP 4) is installed in a fourth imaging room
R4, the X-ray detector 100 may be made available in the
fourth imaging room R4.

[0125] FIG. 7 is a conceptual diagram illustrating an
example of information stored in the storage of the X-ray
detector according to an embodiment. FIGS. 8A to 8D
illustrate an example of network configuration that is per-
formed in response to an event generated in the sensor
module of the X-ray detector according to an embodiment.

[0126] In accordance with the embodiments, the access
point AP may be embedded in the X-ray detector 100.
Alternatively, in the same manner as in Wi-Fi Direct (WFD),
one selected among the access point AP and the X-ray
detector 100 may act as a master and the remaining one may
act as a slave, such that the AP and the X-ray detector 100
may communicate with each other.

[0127] In this case, as shown in FIG. 7, the storage 120
may directly match each sensor in which the predefined
event has occurred to workstation information to be used for
network configuration, and may store the matched informa-
tion therein.

[0128] For example, ID information of the first worksta-
tion 90-1 may be matched to the first sensor 111 among the
four sensors contained in the sensor module 110, and the
matched information may be stored in the storage 120. ID
information of the second workstation 90-2 may be matched
to the second sensor 112, and the matched information may
be stored in the storage 120. ID information of the third
workstation 90-3 may be matched to the third sensor 113,
and the matched information may be stored in the storage
120. ID information of the fourth workstation 90-4 may be
matched to the fourth sensor 114, and the matched infor-
mation may be stored in the storage 120.

[0129] 1If at least one of the four sensors contained in the
sensor module 110 detects the predefined event, the control-
ler 130 may search for workstation information correspond-
ing to the sensor having detected the predefined event in the
storage 120, and may acquire the retrieved workstation
information from the storage 120. The controller 130 may
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perform network configuration of the communication inter-
face 140 based on the acquired workstation information.
[0130] Referring to FIG. 8A, if the user moves the magnet
M toward the first sensor 111, the controller 130 may
determine that the predefined event has occurred in the first
sensor 111 among the plurality of sensors contained in the
sensor module 110.

[0131] The controller 130 may search for workstation
information corresponding to the first sensor 111 in the
storage 120. If the same information as in FIG. 7 is stored
in the storage 120, the controller 130 may perform network
configuration of the communication interface 140 using ID
information of the first workstation 90-1. If network con-
figuration is completed, the communication interface 140
may be directly coupled to the first workstation 90-1.
[0132] InFIG. 8B, if the user moves the magnet M toward
the second sensor 112, the controller 130 may determine that
the predefined event has occurred in the second sensor 112
among the plurality of sensors contained in the sensor
module 110.

[0133] The controller 130 may search for workstation
information corresponding to the second sensor 112 in the
storage 120. If the same information as in FIG. 7 is stored
in the storage 120, the controller 130 may perform network
configuration of the communication interface 140 using ID
information of the second workstation 90-2. If network
configuration is completed, the communication interface
140 may be directly coupled to the second workstation 90-2.
[0134] InFIG. 8C, if the user moves the magnet M toward
the third sensor 113, the controller 130 may determine that
the predefined event has occurred in the third sensor 113
among the plurality of sensors contained in the sensor
module 110.

[0135] The controller 130 may search for workstation
information corresponding to the third sensor 113 in the
storage 120. If the same information as in FIG. 7 is stored
in the storage 120, the controller 130 may perform network
configuration of the communication interface 140 using ID
information of the third workstation 90-3. If network con-
figuration is completed, the communication interface 140
may be directly coupled to the third workstation 90-3.
[0136] InFIG. 8D, if the user moves the magnet M toward
the fourth sensor 114, the controller 130 may determine that
the predefined event has occurred in the fourth sensor 114
among the plurality of sensors contained in the sensor
module 110.

[0137] The controller 130 may search for workstation
information corresponding to the fourth sensor 114 in the
storage 120. If the same information as in FIG. 7 is stored
in the storage 120, the controller 130 may perform network
configuration of the communication interface 140 using ID
information of the fourth workstation 90-4. If network
configuration is completed, the communication interface
140 may be directly coupled to the fourth workstation 90-4.
[0138] FIG. 9 is a view illustrating exemplary events
detected by the sensor module of the X-ray detector accord-
ing to an embodiment.

[0139] As described above, the sensor module 110 may
include the magnetic sensor, the optical sensor, the ultra-
sonic sensor, a touch sensor, and/or the IR sensor, and the
storage 120 may include the same information as described
above with reference to FIGS. 5 and 7.

[0140] Referring to FIG. 9, the user may generate an event
by touching the sensor 114 corresponding to the fourth
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workstation 90-4 to be connected to the X-ray detector 100.
In this case, the output signal of the sensor touched by the
user may be set to a reference value by the controller 130.
If the sensor module 110 outputs a sensor output value that
is equal to or higher than the reference value or another
sensor value that is less than the reference value, the
controller 130 may determine that the predefined event has
occurred. The sensor output value of the sensor module 110
may be established in different ways according to the
categories of the sensors.

[0141] In the above-described example, the sensor module
110 includes the plurality of sensors allocated to each AP or
each workstation, and the predefined event indicates a
specific event generated in the sensor allocated to each AP
or each workstation.

[0142] In another example, the sensor module 110 may
include only one sensor, and may allow the respective APs
or workstations to have different types of events or different
numbers of events, such that it may be possible to discrimi-
nate between the APs to be connected to the X-ray detector
100 or it may be possible to discriminate between the
workstations to be connected to the X-ray detector 100.
[0143] FIG. 10 is a conceptual diagram illustrating
examples of events generated in a single magnetic sensor
according to an embodiment. FIG. 11 is a conceptual dia-
gram illustrating example of events generated in the single
touch sensor according to an embodiment.

[0144] Referring to FIG. 10, the sensor module 110 may
include only one magnetic sensor. The marker 103 indicat-
ing the position of only one magnetic sensor may be formed
in the housing 101 of the X-ray detector 100.

[0145] For example, the respective events to be matched
to the plurality of APs or the plurality of workstations may
be distinguished from each other according to information
about how many times the magnet M approaches the mag-
netic sensor, and the events capable of being identified
according to the number of approach times of the magnet M
may be stored in the storage 120.

[0146] In more detail, if the magnet M approaches the
magnetic sensor once, the controller 130 may search for
configuration information needed for connection to the first
access point AP1 in the storage 120, and the configuration
information may be acquired from the storage 120. The
controller 130 may perform network configuration of the
communication interface 140 using the acquired configura-
tion information. If network configuration is completed, the
communication interface 140 may be connected to the first
workstation 90-1 through the first access point AP1.
[0147] If the magnet M approaches the magnetic sensor
twice, the controller 130 may search for configuration infor-
mation needed for connection to the second access point
AP2 in the storage 120, and the configuration information
may be acquired from the storage 120. The controller 130
may perform network configuration of the, communication
interface 140 using the acquired configuration information.
If network configuration is completed, the communication
interface 140 may be connected to the second workstation
90-2 through the second access point AP2.

[0148] If the magnet M approaches the magnetic sensor
three times, the controller 130 may search for configuration
information needed for connection to the third access point
AP3 in the storage 120, and the configuration information
may be acquired from the storage 120. The controller 130
may perform network configuration of the communication
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interface 140 using the acquired configuration information.
If network configuration is completed, the communication
interface 140 may be connected to the third workstation 90-3
through the third access point AP3.

[0149] If the magnet M approaches the magnetic sensor
four times, the controller 130 may search for configuration
information needed for connection to the fourth access point
AP4 in the storage 120, and the configuration information
may be acquired from the storage 120. The controller 130
may perform network configuration of the communication
interface 140 using the acquired configuration information.
If network configuration is completed, the communication
interface 140 may be connected to the fourth workstation
90-4 through the fourth access point AP4.

[0150] Referring to FIG. 11, if the sensor module 110
includes only one touch sensor, for example, the first sensor
111, the respective events corresponding to the plurality of
APs or the plurality of workstations may be identified from
each other according to information about how many times
the user touches the touch sensor. For example, the user may
touch a particular position on the X-ray detector identified
by a marker, a graphics, etc., or a user’s touch on any
position on a surface of the X-ray detector may be deter-
mined as a user input corresponding to an event. The
respective events capable of being identified from each other
according to the number of user touch actions may be stored
in the storage 120.

[0151] In more detail, if the user touches the touch sensor
once, the controller 130 may search for configuration infor-
mation needed for connection to the first access point (AP1)
in the storage 120, may acquire the retrieved configuration
information from the storage 120, and may perform network
configuration of the communication interface 140 using the
acquired configuration information. If the network configu-
ration is completed, the communication interface 140 may
be connected to the first workstation 90-1 through the first
access point (AP1).

[0152] If the user touches the touch sensor twice, the
controller 130 may search for configuration information
needed for connection to the second access point (AP2) in
the storage 120, may acquire the retrieved configuration
information from the storage 120, and may perform network
configuration of the communication interface 140 using the
acquired configuration information. If the network configu-
ration is completed, the communication interface 140 may
be connected to the second workstation 90-2 through the
second access point (AP2).

[0153] If the user touches the touch sensor three times, the
controller 130 may search for configuration information
needed for connection to the third access point (AP3) in the
storage 120, may acquire the retrieved configuration infor-
mation from the storage 120, and may perform network
configuration of the communication interface 140 using the
acquired configuration information. If the network configu-
ration is completed, the communication interface 140 may
be connected to the third workstation 90-3 through the third
access point (AP3).

[0154] If the user touches the touch sensor four times, the
controller 130 may search for configuration information
needed for connection to the fourth access point (AP4) in the
storage 120, may acquire the retrieved configuration infor-
mation from the storage 120, and may perform network
configuration of the communication interface 140 using the
acquired configuration information. If the network configu-
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ration is completed, the communication interface 140 may
be connected to the fourth workstation 90-4 through the
fourth access point (AP4).

[0155] Even when the sensor module 110 includes only
one sensor, the sensor module 110 may be directly connected
to the workstation 90 without passing through any AP. In this
case, the same information as in FIG. 7 may be stored in the
storage 120. The controller 130 may detect the category of
the event detected by the sensor module 110, such that the
controller 130 may perform network configuration needed
for connection to the workstation appropriate for the
detected event according to the detected event category.
[0156] Meanwhile, as shown in FIGS. 10 and 11, if the
event to be allocated to each AP or each workstation is
defined according to the number of occurrences of the same
event, the number of the corresponding events may be
counted during a predetermined time. For example, if the
predetermined time is 10 seconds, the controller 130 may
count how many times the magnet M approaches the mag-
netic sensor during 10 seconds, or may count how many
times the user touches the touch sensor during 10 seconds,
such that the controller 130 may determine which one of the
events has occurred.

[0157] Alternatively, it may be possible to change network
configuration whenever the event occurs. For example, if the
magnet M approaches the magnetic sensor once, the con-
troller 130 may perform network configuration needed for
connection to the first access point (AP1). Thereafter, if the
magnet M approaches the magnetic sensor once more, the
controller 130 may change network configuration needed for
connection to the second access point (AP2). As described
above, if the numbers of approach times of the magnet M are
accumulated, and if the magnet M approaches the magnet M
once more, the controller 130 may change network configu-
ration needed for connection to the third access point (AP3).
Even when the sensor module 110 includes a touch sensor,
an optical sensor, etc. therein, the sensor module 110 may
operate in the same manner as in the above-described
embodiment.

[0158] The controller 130 may perform network configu-
ration according to the respective events detected by the
sensor module 110, and may establish or set up a drive mode
of the X-ray detector 100.

[0159] The storage 120 may match the drive modes to the
predefined events, and may store the matched information
therein. If it is determined that the sensor module 110 has
detected the predefined event, the controller 130 may drive
the X-ray detector 100 according to the respective drive
modes corresponding to the predefined events. For example,
the respective drive modes, i.e., an auto exposure detection
(AED) mode, a sleep in/output mode, a fast scan mode, etc.
may be matched to the respective predefined events, and the
matched information may be stored in the storage 120.
[0160] The respective events stored in the storage 120
after being matched to the respective drive modes may be
identical to or different from the events to be stored in
network configuration. If the respective events are identical
to the stored events, network configuration may first be
carried out, and the drive modes may then be established.
Alternatively, the drive modes may first be established, and
network configuration may then be carried out.

[0161] For example, if the sensor module 110 includes the
plurality of sensors, different drive modes may be matched
to the respective sensors, and the controller 130 may estab-
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lish the drive mode of the X-ray detector 100 according to
the drive mode corresponding to the sensor having detected
the predefined event.

[0162] Alternatively, it may be possible to establish the
respective imaging modes of the X-ray detector 100 accord-
ing to the respective events detected by the sensor module
110. The storage 120 may match the appropriate imaging
modes to the respective predefined events, and may store the
matched information therein. If the sensor module 110 has
detected any one of the predefined events, the controller 130
may transmit information about the imaging mode corre-
sponding to the detected event to the workstation 90 con-
nected to the communication interface 140.

[0163] For example, if the sensor module 110 includes the
plurality of sensors, different imaging modes (i.e., a stand
mode, a table mode, a portable mode) may be matched to the
respective sensors, and the controller 130 may transmit
information about the imaging mode corresponding to the
sensor having detected the predefined event to the worksta-
tion 90.

[0164] In more detail, if the sensor having detected the
predefined event among the sensors of the sensor module
110 is a sensor corresponding to the portable mode, the
controller 130 may transmit information indicating that the
X-ray detector 100 is used as a portable X-ray detector to the
workstation 90 through the communication interface 140.

[0165] As described above, AP information or workstation
information corresponding to the respective predefined
events may be stored in the storage 120. Communication
connection to the AP matched to the event generated in the
X-ray detector 100 or communication connection to the
workstation matched to the event generated in the X-ray
detector 100 may be automatically carried out. As a result,
when only one X-ray detector is used in the plurality of
imaging rooms or in the plurality of workstations, the user
does not need to manually change network configuration to
another whenever the imaging room or workstation in which
the X-ray detector will be used is changed to another
imaging room or another workstation such that user conve-
nience is improved and the possibility of configuration
errors caused by the user can be greatly reduced.

[0166] The above-described embodiments describe that
only one X-ray detector 100 is used in the plurality of
imaging rooms and/or with the plurality of workstations.
The following embodiment describes an embodiment in
which a plurality of X-ray detectors is used in one imaging
room or with one workstation. However, the described
above is applicable to one or more of the plurality of X-ray
detectors described below.

[0167] FIG. 12 is a conceptual diagram illustrating
examples of network configuration that is performed in
response to events generated in a sensor module of the X-ray
detector 100 according to an embodiment.

[0168] For example, the controller 130 may determine
whether the predefined event has occurred based on the
output signal of the sensor module 110 and information
stored in the storage 120. For example, if the sensor module
110 includes a magnetic sensor, and if the sensor module 110
detects a magnetic field that is equal to or higher than a
predetermined reference value, the controller 130 may deter-
mine occurrence of the predefined event.
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[0169] For example, the user may move the magnet M
toward the position (marker 203) corresponding to the
magnetic sensor of the X-ray detector 100 to be used for
X-ray imaging.

[0170] If the predefined event has occurred, the controller
130 may transmit an event occurrence signal and ID infor-
mation of the X-ray detector 100 to the workstation 90
connected to the communication interface 140 as shown in
FIG. 12. The controller 130 may transmit the event occur-
rence signal and ID information of the X-ray detector 100
through the AP or may directly transmit the same to the
workstation 90 according to communication methods
between the communication interface 140 and the worksta-
tion 90.

[0171] The workstation 90 may recognize that the X-ray
detector 100 in which the event has occurred among the
plurality of X-ray detectors is scheduled to be used for X-ray
imaging, and may perform various kinds of configuration
actions to be used in the X-ray imaging operation of the
corresponding X-ray detector 100.

[0172] FIG. 13 is a conceptual diagram illustrating
examples of signals transmitted to a single workstation when
X-ray detectors are connected to the single workstation
according to an embodiment.

[0173] InFIG. 13, it is assumed that only one workstation
90 is installed in one imaging room, and four X-ray detectors
200 are connected to the workstation 90. Each of the X-ray
detectors 200 may include a magnetic sensor 311 or another
type of sensor as described above, e.g., a touch sensor. The
X-ray detector 100 may be one of the X-ray detectors 200.

[0174] For example, if the predefined event occurs while
each of the X-ray detectors 200 connected to the workstation
90 periodically transmits its own status information to the
workstation 90, the event occurrence signal may also be
transmitted to the workstation 90.

[0175] In more detail, if the user moves the magnet M
toward the position corresponding to the magnetic sensor of
a first X-ray detector 200-1, the controller 130 of the first
X-ray detector 200-1 may control the communication inter-
face 140, such that the event occurrence signal and ID
information (ID 1) of the first X-ray detector 200-1 may be
transmitted to the workstation 90.

[0176] The workstation 90 may recognize that the first
X-ray detector 200-1 among the X-ray detectors 200 is to be
used for the imaging action of the first X-ray detector 200-1,
and may perform various configuration actions through
which the first X-ray detector 200-1 can be used for X-ray
imaging of the object. For example, the configuration action
may be carried out based on the size, resolution, etc. of the
first X-ray detector 200-1, and it may be possible to con-
figure (or establish) the imaging mode according to whether
the first X-ray detector 200-1 is in the stand mode, the table
mode, or the portable mode or it may also be possible to
adjust the position of the X-ray source 80 according to
whether the first X-ray detector 200-1 is in the stand mode,
the table mode, or the portable mode.

[0177] Ifthe user moves the magnet M toward the position
corresponding to the magnetic sensor of a second X-ray
detector 200-2, the controller 130 of the second X-ray
detector 200-2 may control the communication interface 140
such that the event occurrence signal and ID information (ID
2) of the second X-ray detector 200-2 can be transmitted to
the workstation 90.
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[0178] The workstation 90 may recognize that the second
X-ray detector 200-2 among the X-ray detectors 200 is to be
used for the imaging action of the second X-ray detector
200-2, and may perform various configuration actions
through which the second X-ray detector 200-2 can be used
for X-ray imaging of the object.

[0179] Ifthe user moves the magnet M toward the position
corresponding to the magnetic sensor of a third X-ray
detector 200-3, the controller 130 of the third X-ray detector
200-3 may control the communication interface 140 such
that the event occurrence signal and ID information (ID 3)
of the third X-ray detector 200-3 can be transmitted to the
workstation 90.

[0180] The workstation 90 may recognize that the third
X-ray detector 200-3 among the X-ray detectors 200 is to be
used for the imaging action of the third X-ray detector
200-3, and may perform various configuration actions
through which the third X-ray detector 200-3 can be used for
X-ray imaging of the object.

[0181] Ifthe user moves the magnet M toward the position
corresponding to the magnetic sensor of a fourth X-ray
detector 200-4, the controller 130 of the fourth X-ray
detector 200-4 may control the communication interface 140
such that the event occurrence signal and ID information (ID
4) of the fourth X-ray detector 200-4 can be transmitted to
the workstation 90.

[0182] The workstation 90 may recognize that the fourth
X-ray detector 200-4 among the X-ray detectors 200 is to be
used for the imaging action of the fourth X-ray detector
200-4, and may perform various configuration actions
through which the fourth X-ray detector 200-4 can be used
for X-ray imaging of the object.

[0183] In addition, as shown in the above-described
embodiments, the controller 130 may also configure or
establish the drive mode or the imaging mode of the X-ray
detector 100 (which may be one of the detectors 200)
according to the events detected by the sensor module 110.
[0184] The storage 120 may match the drive mode or the
imaging mode to the respective predefined events, and may
store the matched information therein. If the sensor module
110 detects any of the predefined events, and if the user of
the X-ray detector 100 moves the magnet toward the posi-
tion corresponding to the first sensor 211 according to the
drive mode corresponding to the detected event, the con-
troller 130 may determine that the first sensor 211 has
detected the predefined event, may search for information
associated with the detected event in the storage 120, and
may acquire the imaging mode information (indicating the
stand mode) corresponding to the first sensor 211 from the
storage 120. When the communication interface 140 trans-
mits the event occurrence signal and the ID information of
the X-ray detector 100 to the workstation 90, the commu-
nication interface 140 may also transmit imaging mode
information to the workstation 90. The controller 130 may
drive the X-ray detector 100 or may transmit information
about the imaging mode corresponding to the driven X-ray
detector 100 to the workstation 90.

[0185] FIG. 14 is a conceptual diagram illustrating
examples of a plurality of sensors mounted to an X-ray
detector according to an embodiment.

[0186] Referring to FIG. 14, the X-ray detector 100 may
include sensors 320. The sensors 320 may be, at least
partially, the same sensors as the first to fourth sensors 111
to 114 and may be differently configured, or may be, at least
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in part, physically different sensors. Various configuration of
sensors is described above. A plurality of markers 203-1,
203-2, and 203-3 may be formed and displayed at the
positions of the housing 101 indicating the respective sen-
sors 320.

[0187] For example, a first sensor 211 may be allocated to
the stand mode, a second sensor 212 may be allocated to the
table mode, and a third sensor 213 may be allocated to the
portable mode. Such allocation information may be stored in
the storage 120.

[0188] If the user moves the magnet toward the position
corresponding to the first sensor 211, the controller 130 may
determine that the first sensor 211 has detected the pre-
defined event, may search for information associated with
the detected event in the storage 120, and may acquire the
imaging mode information (indicating the stand mode)
corresponding to the first sensor 211 from the storage 120.
When the communication interface 140 transmits the event
occurrence signal and the ID information of the X-ray
detector 100 to the workstation 90, the communication
interface 140 may also transmit imaging mode information
(indicating the stand mode) to the workstation 90.

[0189] If the user moves the magnet toward the position
corresponding to the second sensor 212, the controller 130
may determine that the second sensor 212 has detected the
predefined event, may search for information associated
with the detected event in the storage 120, and may acquire
imaging mode information (indicating the table mode) cor-
responding to the second sensor 212 from the storage 120.
When the communication interface 140 transmits the event
occurrence signal and the ID information of the X-ray
detector 100 to the workstation 90, the communication
interface 140 may also transmit imaging mode information
(indicating the table mode) to the workstation 90.

[0190] If the user moves the magnet toward the position
corresponding to the third sensor 213, the controller 130
may determine that the third sensor 213 has detected the
predefined event, may search for information associated
with the detected event in the storage 120, and may acquire
imaging mode information (indicating the portable mode)
corresponding to the third sensor 213 from the storage 120.
When the communication interface 140 transmits the event
occurrence signal and the ID information of the X-ray
detector 100 to the workstation 90, the communication
interface 140 may also transmit imaging mode information
(indicating the portable mode) to the workstation 90.
[0191] As described above, the X-ray detector in which
the predefined event has occurred, among the plurality of
X-ray detectors available in only one imaging room or only
one workstation transmits its own ID information and the
event occurrence information to the workstation, such that
the user does not need to manually input information of the
X-ray detector to be used for X-ray imaging, and the user
can easily and conveniently perform pairing between the
workstation and the X-ray detector.

[0192] A method for controlling the X-ray detector
according to the embodiments is described in detail below,
and the operations and concepts described above with ref-
erences to FIGS. 1 to 15 may equally be applied to the X-ray
detector control method.

[0193] FIG. 15 is a flowchart illustrating a method for
controlling the X-ray detector according to an embodiment.
[0194] Referring to FIG. 15, the output value of the sensor
module 110 may be transmitted to the controller 130 (opera-

Jun. 6, 2019

tion 410). As described above, the sensor module 110 may
include at least one of a magnetic sensor, an optical sensor,
an IR sensor, an ultrasonic sensor, an acceleration sensor, a
touch sensor, a gyro sensor, and/or a temperature sensor.

[0195] While the X-ray detector 100 is powered on, the
output value of the sensor module 110 may be transmitted to
the controller 130 in real time or periodically. If there is a
change in output value of the sensor module 110, i.e., only
when the event is detected, the X-ray detector 100 may also
transmit the output value of the sensor module 110 to the
controller 130.

[0196] The controller 130 may determine occurrence or
non-occurrence of the predefined event based on the output
value of the sensor module 110 (operation 411). For this
purpose, a reference value to be used as a threshold value for
deciding occurrence or non-occurrence of the event may be
pre-stored in the storage 120. For example, if the sensor
module 110 includes a magnetic sensor and the presence of
the approaching magnet M corresponds to the predefined
event, an output value corresponding to the magnitude of a
magnetic field generated by the magnet M may be pre-stored
as a reference value for deciding occurrence or non-occur-
rence of the event. In addition, provided that the sensor
module 110 includes the optical sensor, if approach or
contact of the object such as the user finger corresponds to
the predefined event, the output value of the sensor module
110 may be pre-stored as a reference value for deciding
occurrence or non-occurrence of the event.

[0197] Ifthe predefined event has occurred (YES in opera-
tion 412), the AP information or workstation information
corresponding to the event generated in the storage 120 may
be searched for in the storage 120 and may then be acquired
from the storage 120 (operation 413). If the sensor module
110 includes a plurality of sensors allocated to the respective
APs or the respective workstations, the controller 130 may
acquire AP or workstation information corresponding to the
sensor in which the event has occurred, from the storage
120. Alternatively, if the sensor module 110 includes a single
sensor, and if information segments about the APs or work-
stations are respectively allocated to the categories or num-
bers of events generated in the single sensor, it may be
possible to acquire AP or workstation information corre-
sponding to the categories or numbers of events detected by
the sensor module 110.

[0198] The controller 130 may perform network configu-
ration based on the acquired AP or workstation information
(operation 414). If network configuration is completed, the
communication interface 140 may communicate with the
workstation through the access point AP or may be directly
coupled to the workstation, such that the communication
interface 140 is in a communicable status.

[0199] Ifthe predefined event has occurred, the X-detector
control method according to an embodiment may further
include configuring (or establishing) the imaging mode of
the X-ray detector according to the imaging mode informa-
tion corresponding to the generated event. After completion
of the network configuration, the configuring (or establish-
ing) the imaging mode of the X-ray detector may further
include transmitting imaging mode information correspond-
ing to the generated event to the workstation 90 connected
to the communication interface 140. A detailed description
of'the process of transmitting the imaging mode information
is the same as described above.
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[0200] If the predefined event has occurred, the X-ray
detector control method according to an embodiment may
further include configuring (or establishing) a drive mode of
the X-ray detector according to drive mode information
corresponding to the generated event.

[0201] In accordance with above-described embodiments,
when only one X-ray detector 100 is used in the plurality of
imaging rooms or the plurality of workstations, network
configuration can be automatically carried out with the user
input generating a simple event whenever a current imaging
room or a current workstation is changed to another imaging
room or another current workstation, such that the user does
not need to manually perform network configuration, result-
ing in increased user convenience and prevention of erro-
neous user input actions.

[0202] FIG. 16 is a flowchart illustrating a method for
controlling an X-ray detector according to an embodiment.
The X-ray detector control method according to an embodi-
ment is described below with reference to one of the X-ray
detectors 200, for example, the first X-ray detector 200-1.
[0203] Referring to FIG. 16, the first X-ray detector 200-1
may transmit an output value of the sensor module 110 to the
controller 130 (operation 420). While the first X-ray detector
200-1 is powered on, the output value of the sensor module
110 may be transmitted to the controller 130 in real time or
periodically. If there is a change in output value of the sensor
module 110, i.e., only when the event is detected, the first
X-ray detector 200-1 may also transmit the output value of
the sensor module 110 to the controller 130.

[0204] The controller 130 may determine whether the
predefined event has occurred based on the output value of
the sensor module 110 (operation 421). For this purpose, a
reference value acting as a threshold value for deciding
occurrence or non-occurrence of the event may be pre-stored
in the storage 120. A detailed description of the reference
value is the same as in FIG. 14.

[0205] Ifthe predefined event has occurred (YES in opera-
tion 422), the controller 130 may transmit the event occur-
rence signal and ID information of the first X-ray detector
200-1 to the workstation (operation 423). For example,
while each of the X-ray detectors 200 connected to the
workstation 90 periodically transmits its own status infor-
mation to the workstation 90 through the communication
interface 140, if the predefined event occurs, each X-ray
detector may additionally transmit the event occurrence
signal.

[0206] Since the predefined event occurs according to the
categories of the sensors contained in the sensor module 110
by the user who moves the magnet toward the X-ray detector
to be used for X-ray imaging or touches his or her finger on
the X-ray detector, the first X-ray detector 200-1 to be used
can be automatically paired with the workstation 90.
[0207] The X-ray detector control method according to
another embodiment may further include transmitting the
imaging mode information or configuring (or establishing)
the drive mode as described above.

[0208] As apparent from the above description, an X-ray
detector and a method for controlling the same according to
embodiments may allow a sensor module embedded in the
X-ray detector to detect a predefined event, and may auto-
matically perform network configuration according to AP
information or workstation information corresponding to the
detected event, such that a user of the X-ray detector does
not need to manually change configuration information of
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the X-ray detector one by one when the X-ray detector is
used in a plurality of imaging rooms or in a plurality of
X-ray imaging apparatuses, resulting in greater convenience
of the user and prevention of configuration errors by the
user.

[0209] The X-ray detector allows a sensor module embed-
ded therein to detect a predefined event, and automatically
performs network configuration according to AP or work-
station information corresponding to the detected event,
such that a user of the X-ray detector does not need to
manually change configuration information of the X-ray
detector even when the X-ray detector is used in several
imaging rooms or several X-ray imaging apparatuses, result-
ing in greater convenience of the user.

[0210] Provided that the X-ray detector apparatus is
implemented as a plurality of X-ray detectors within one
imaging room, i.e., provided that two or more X-ray detec-
tors are used in one imaging room, if any one of the X-ray
detectors detects a predefined event using an embedded
sensor module therein, the corresponding X-ray detector
having detected the predefined event may transmit ID infor-
mation thereof and a signal indicating occurrence of the
event to a workstation, and may be automatically paired with
the workstation, such that the user can easily and correctly
recognize which one of the plurality of X-ray detectors will
be used for X-ray imaging.

[0211] Although a few embodiments have been shown and
described, it would be appreciated by those skilled in the art
that changes may be made in these embodiments without
departing from the principles and spirit of aspects of the
disclosure, the scope of which is defined in the claims and
their equivalents.

What is claimed is:

1. An X-ray detector comprising:

a sensor module comprising at least one sensor;

a communication interface connectable to at least one

workstation; and

a controller configured to determine an occurrence of a

predefined event based on an output value of the sensor
module, and perform a configuration action for the
communication interface based on configuration infor-
mation corresponding to the predefined event, in
response to the occurrence of the predefined event.

2. The X-ray detector according to claim 1, wherein the at
least one sensor comprises at least one from among a
magnetic sensor, an optical sensor, an infrared (IR) sensor,
an ultrasonic sensor, an acceleration sensor, a touch sensor,
a gyro sensor, and a temperature sensor.

3. The X-ray detector according to claim 1, wherein a
number of the at least one sensor comprised in the sensor
module is equal to a number of the at least one workstation
or to a number of at least one access point (AP) used for
connecting the at least one workstation to the communica-
tion interface.

4. The X-ray detector according to claim 3, wherein the
controller is further configured to perform the configuration
action for the communication interface based on one of
workstation information and access point (AP) information,
the one of workstation information and AP information
corresponding to a sensor having detected the predefined
event among the at least one sensor of the sensor module.

5. The X-ray detector according to claim 1, wherein the
controller is further configured to perform the configuration
action for the communication interface based on the con-
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figuration information corresponding to category informa-
tion of the predefined event or information about how many
times the predefined event has occurred.

6. The X-ray detector according to claim 5, wherein the
controller is further configured to perform the configuration
action for the communication interface based on one of
workstation information and access point (AP) information,
the one of workstation information and AP information
corresponding to a number of times an event is determined
to correspond to the predefined event.

7. The X-ray detector according to claim 1, wherein in
response to the occurrence of the predefined event, the
controller is further configured to establish connectivity
between the communication interface and the at least one
workstation based on the configuration information, and
transmit imaging mode information corresponding to an
event to the at least one workstation connected to the
communication interface.

8. The X-ray detector according to claim 1, wherein in
response to the occurrence of the predefined event, the
controller is further configured to set up a drive mode of the
X-ray detector according to information about the drive
mode corresponding to the predefined event.

9. The X-ray detector according to claim 1, further
comprising: a memory configured to store the configuration
information in which one of access point (AP) information
and workstation information are stored in correspondence
with each of a plurality of predefined events.

10. An X-ray detector comprising:

a sensor module comprising at least one sensor;

a communication interface connectable to a workstation;

and

a controller configured to determine an occurrence of a

predefined event based on an output value of the sensor
module, and transmit an event occurrence signal and
identification (ID) information of the X-ray detector to
the workstation, in response to the occurrence of the
predefined event.

11. The X-ray detector according to claim 10, wherein in
response to the occurrence of the predefined event, the
controller is further configured to transmit imaging mode
information corresponding to the predefined event to the
workstation connected to the communication interface.

12. The X-ray detector according to claim 10, wherein in
response to the occurrence of the predefined event, the
controller is further configured to set up a drive mode of the
X-ray detector according to drive mode information corre-
sponding to the predefined event, the drive mode comprising
at least one from among an auto exposure detection mode
and a fast scan mode.

13. The X-ray detector according to claim 10, wherein a
number of the at least one sensor comprised in the sensor
module is equal to a number of imaging modes of the X-ray
detector, the imaging modes comprising at least one from
among a stand mode, a table mode, and a portable mode.

14. The X-ray detector according to claim 13, wherein the
controller is further configured to transmit imaging mode
information corresponding to a sensor having detected an
event among a plurality of sensors included in the sensor
module, to the workstation connected to the communication
interface.

15. A method for controlling an X-ray detector, the
method comprising:

Jun. 6, 2019

determining an occurrence of a predefined event based on
an output value of a sensor module; and

in response to the occurrence of the predefined event,
performing a configuration action for a communication
interface based on configuration information corre-
sponding to the predefined event.

16. The method according to claim 15, wherein the sensor
module comprises at least one from among a magnetic
sensor, an optical sensor, an infrared (IR) sensor, an ultra-
sonic sensor, an acceleration sensor, a touch sensor, a gyro
sensor, and a temperature sensor.

17. The method according to claim 15, wherein a number
of at least one sensor comprised in the sensor module is
equal to a number of access points (APs) used for connecting
at least one workstation to the communication interface or to
a number of the at least one workstation connectable to the
communication interface.

18. The method according to claim 17, wherein the
performing the configuration action for the communication
interface comprises:

performing the configuration action for the communica-
tion interface based on one of workstation information
and access point (AP) information, the one of work-
station information and AP information corresponding
to a sensor having detected the predefined event among
the at least one sensor included in the sensor module.

19. The method according to claim 15, further compris-
ing:

performing the configuration action for the communica-
tion interface based on the configuration information
corresponding to category information of the pre-
defined event or information about how many times the
predefined event has occurred.

20. The method according to claim 19, wherein the
performing the configuration action for the communication
interface comprises:

performing the configuration action for the communica-
tion interface based on one of workstation information
and access point (AP) information, the one of work-
station information and AP information corresponding
to a number of times the predefined event has occurred.

21. An X-ray detector comprising:

a sensor module configured to provide an output value
when the sensor module detects an event;

a communication interface connectable a first workstation
and a second workstation, the first workstation and the
second workstation being disposed in physically sepa-
rated rooms, respectively;

a memory configured to store configuration information
for the communication interface, the configuration
information comprising connectivity information of the
communication interface to the first workstation and
the second workstation and a correspondence between
each of a plurality of predefined events and the con-
nectivity information of each of the first workstation
and the second workstation; and

a processor configured to compare the detected event with
the plurality of predefined events, determine an occur-
rence of a specific predefined event among the plurality
of predefined events based on the comparing, and
connect the communication interface to one of the first
workstation and the second workstation based on the
connectivity information associated with the specific
predefined event.
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22. The X-ray detector according to claim 21, wherein the
sensor module comprises at least two sensors from among a
magnetic sensor, an optical sensor, an infrared (IR) sensor,
an ultrasonic sensor, an acceleration sensor, a touch sensor,
a gyro sensor, and a temperature sensor, and

the at least two sensors are configured to provide output

values indicating the plurality of predefined events.

23. The X-ray detector according to claim 22, wherein the
event is generated by a user providing an input through one
of the at least two sensors.

24. The X-ray detector according to claim 21, wherein the
processor is further configured to connect the communica-
tion interface directly to one of the first workstation and the
second workstation.

25. The X-ray detector according to claim 21, wherein the
processor is further configured to connect the communica-
tion interface to one of the first workstation and the second
workstation via an access point.
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