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(57) The disclosure relates to an X-ray detector that
is detachably mountable in a mounting unit, the detector
comprising a storage unit configured to store identifica-
tion (ID) information which is assigned to the X-ray de-
tector according to its usage, of the X-ray detector, a
position detecting unit configured to detect a mounting
position information of the X-ray detector; and a commu-
nication unit configured to transmit the mounting position
information of the X-ray detector and ID information of
the X-ray detector to a workstation. Also the disclosure
relates to an X-ray imaging apparatus.
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Description

BACKGROUND

1. Field

[0001] The embodiments relate to an X-ray imaging apparatus having an X-ray detector, as well as the X-ray detector,
configured to detect a position and a method of controlling the same.

2. Description of the Related Art

[0002] The X-ray imaging apparatus includes an X-ray source configured to generate X-rays and radiate the X-rays
onto the object and an X-ray detector configured to detect the X-rays transmitted through the object. The X-ray source
may be movably provided in order to image various parts of the object and the X-ray detector may be mounted or portably
provided in an imaging table or an imaging stand.
[0003] As X-ray imaging apparatuses are becoming digitalized, X-ray images that have previously been obtained in
a film form are being obtained in a digital form. Along with digitalization, many parts of X-ray imaging apparatuses are
becoming automated. Examples of the automation include an auto tracking function of automatically tracking the X-ray
detector by the X-ray source and an auto centering function of automatically aligning positions of the X-ray source and
the X-ray detector. In order to implement the automation functions of X-ray imaging apparatuses such as the auto tracking
function or the auto centering function, it may be necessary to accurately distinguish an X-ray detector and a mounting
position thereof in advance.
[0004] Here, publications WO-2010/134365, JP-2002/336225 and more in particular US-2010/123083 are acknowl-
edged as the closest prior art in relation to the claims of the present application, where at least the features in the
characterizing portions of the appended independent claims are novel over these prior art references.

SUMMARY

[0005] The embodiments provide an X-ray detector configured to detect a position, an X-ray imaging apparatus in-
cluding the X-ray detector.
[0006] The X-ray detector is an X-ray detector that is detachably mounted in a mounting unit or is portably provided
without being mounted in the mounting unit, and may include features of the appended independent detector claim.
[0007] An X-ray imaging apparatus may include features of the appended independent apparatus claim.
[0008] According to the X-ray detector and the X-ray imaging apparatus, it is possible to determine an X-ray detector
and a mounting position thereof. Also, the ID of the X-ray detector may be assigned or changed corresponding to the
mounted position. Therefore, multi-use of the X-ray detector is possible and it is possible to provide convenience for the
multi-use of the X-ray detector. Also, an X-ray source may be automatically moved or imaging conditions may be
automatically set corresponding to the mounted position, and it is possible to provide convenience for user manipulation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1 is a perspective view illustrating an exemplary mobile X-ray imaging apparatus;
FIG. 2 is an exploded perspective view illustrating a disassembled X-ray imaging apparatus;
FIG. 3 is a front view illustrating a manipulation unit of an X-ray imaging apparatus;
FIGS. 4A and 4B are diagrams illustrating an exemplary X-ray detector mounted in an imaging table;
FIGS. 5A and 5B are diagrams illustrating an example of an X-ray detector mounted in an imaging stand;
FIGS. 5C and 5D are diagrams illustrating another example of the X-ray detector mounted in the imaging stand;
FIG. 6 is a diagram illustrating an example in which a portable X-ray detector is provided;
FIGS. 7A and 7B are diagrams illustrating another example in which the X-ray detector is portably provided;
FIG. 8A is a diagram illustrating an example in which a plurality of X-ray detectors is provided;
FIG. 8B is a diagram illustrating another example in which the plurality of X-ray detectors is provided;
FIG. 9 is a control block diagram of an X-ray imaging apparatus according to an embodiment;
FIG. 10 is a cross-sectional view of an internal structure of an exemplary X-ray tube;
FIG. 11 is a schematic diagram schematically illustrating a structure of a detection panel;
FIG. 12 is a circuit diagram schematically illustrating a single pixel of the detection panel;
FIGS. 13A, 13B, 13C, 13D and 13E ("FIG. 13") are diagrams illustrating an example of a detector detecting unit
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including a linear magnetic sensor;
FIG. 14 is a diagram illustrating a magnetic field detected by the linear magnetic sensor of FIG. 13;
FIGS. 15A, 15B, 15C, 15D, 15E, 15F and 15G("FIG 15") are diagrams illustrating another example of the detector
detecting unit including the linear magnetic sensor;
FIG. 16 is a diagram illustrating a magnetic field detected by the linear magnetic sensor of FIG. 15;
FIGS. 17A, 17B, 17C and 17E ("FIG. 17") are diagrams illustrating still another example of the detector detecting
unit including the linear magnetic sensor;
FIGS. 18A, 18B, 18C, 18D, 18E, 18F and 18G ("FIG. 18")are diagrams illustrating still another example of the
detector detecting unit including the linear magnetic sensor;
FIGS. 19A, 19B, 19C, 19D and 19E("FIG. 19") are diagrams illustrating an example of a detector detecting unit
including a plurality of linear magnetic sensors;
FIGS. 20A, 20B, 20C, 20E, 20F and 20G ("FIG. 20") are diagrams illustrating another example of the detector
detecting unit including the plurality of linear magnetic sensors;
FIGS. 21A, 21B, 21C, 21D and 21E ("FIG. 21") are diagrams illustrating still another example of the detector detecting
unit including the plurality of linear magnetic sensors;
FIGS. 22A, 22B, 22C, 22D, 22E, 22F and 22G ("FIG. 22") are diagrams illustrating still another example of the
detector detecting unit including the plurality of linear magnetic sensors;
FIGS. 23A, 23B, 23C, 23D and 23E ("FIG. 23") are diagrams illustrating an example of a detector detecting unit
including grouped linear magnetic sensors;
FIGS. 24A and 24B are diagrams illustrating a magnetic field detected by the linear magnetic sensor of FIG. 23;
FIGS. 25A, 25B, 25C, 25D, 25E and 25G ("FIG. 25") are diagrams illustrating another example of the detector
detecting unit including the grouped linear magnetic sensors;
FIGS. 26A , 26B, 26C are diagrams illustrating a magnetic field detected by the linear magnetic sensor of FIG. 25;
FIGS. 27A, 27B, 27C, 27D and 27E ("FIG. 27") are diagrams illustrating still another example of the detector detecting
unit including the grouped linear magnetic sensors;
FIGS. 28A and 28B are diagrams illustrating a magnetic field detected by the linear magnetic sensor of FIG. 27;
FIGS. 29A , 29B and 29C are diagrams illustrating still another example of the detector detecting unit including the
grouped linear magnetic sensors;
FIGS. 30A, 30B and 30C are diagrams illustrating an example of a detector detecting unit including a non-linear
magnetic sensor;
FIGS. 31A, 31B, 31C and 31D are diagrams illustrating another example of the detector detecting unit including the
non-linear magnetic sensor;
FIG. 32 is a diagram illustrating an example of a detector detecting unit including a tilt sensor;
FIGS. 33A, 33B and 33C are diagrams illustrating an example of a detector detecting unit including a linear magnetic
sensor and a tilt sensor;
FIGS. 34A, 34B and 34C are diagrams illustrating an example of a detector detecting unit including a non-linear
magnetic sensor and a tilt sensor;
FIG. 35 is a diagram illustrating a configuration of a control unit according to an embodiment;
FIGS. 36A to FIG.36C are graphs illustrating an exemplary magnetic field strength detected by the linear magnetic
sensor in three mutually orthogonal directions;
FIGS. 37A and 37B are diagrams illustrating adjustment of a threshold value according to a position of a magnet;
FIG. 38A is a front view of an exemplary user interface unit configured to receive a mounting position of the X-ray
detector;
FIG. 38B is a front view of an exemplary manipulation unit configured to receive a mounting position of the X-ray
detector;
FIG. 39 is a diagram illustrating determination of an imaging part;
FIG. 40 is a diagram illustrating an example of a structure connecting the X-ray detector and a workstation;
FIG. 41 is a diagram illustrating another example of the structure connecting the X-ray detector and the workstation;
FIG. 42 is a diagram illustrating a configuration of the control unit according to another embodiment;
FIGS. 43A and 43B are diagrams illustrating movement of an X-ray source in an automatic moving mode;
FIG. 44 is a diagram illustrating a configuration of a control unit according to another embodiment;
FIG. 45A is a diagram illustrating an example of a display unit screen;
FIG. 45B is a diagram illustrating another example of the display unit screen;
FIG. 46 is a control block diagram of an X-ray imaging apparatus according to another embodiment;
FIG. 47 is a diagram illustrating an example of a structure connecting the X-ray detector and a mount detecting unit;
FIG. 48 is a diagram illustrating another example of the structure connecting the X-ray detector and the mount
detecting unit;
FIG. 49 is a control block diagram of an X-ray imaging apparatus according to still another embodiment;
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FIG. 50 is a front view of an exemplary X-ray detector including an indicator;
FIGS. 51 and 52 are views illustrating an embodiment in which ID information of the X-ray detector is used as unique
information of each X-ray detector.
FIG. 53 is a flowchart illustrating a method of controlling an X-ray imaging apparatus according to an embodiment;
FIG. 54 is a flowchart illustrating a method of controlling an X-ray imaging apparatus according to another embod-
iment; and
FIG. 55 is a flowchart illustrating a method of controlling an X-ray imaging apparatus according to still another
embodiment.
FIG. 56 is a flowchart illustrating an embodiment in which ID of the X-ray detector is not set or changed

DETAILED DESCRIPTION

[0010] Hereinafter, exemplary embodiments of an X-ray imaging apparatus and a method of controlling the same will
be described in detail with reference to the accompanying drawings.
[0011] FIG. 1 is a perspective view illustrating an exemplary X-ray imaging apparatus. FIG. 2 is an exploded perspective
view illustrating a disassembled X-ray imaging apparatus.
[0012] As illustrated in FIGS. 1 and 2, an X-ray imaging apparatus 1 may include a guide rail 30, a moving carriage
40, a post frame 50, motors 91, 92, 93, 94, and 95, an X-ray source 70, a connector 75, an X-ray detector 100, a
manipulation unit 80, and a workstation 200. The X-ray imaging apparatus 1 may further include an imaging table 10
and an imaging stand 20 in which the X-ray detector 100 may be mounted.
[0013] The guide rails 30, the moving carriage 40, the post frame 50, or the like are provided to move the X-ray source
70 toward an object.
[0014] The guide rails 30 include a first guide rail 31 and a second guide rail 32 which are installed so as to form a
predetermined angle. The first guide rail 31 and the second guide rail 32 may extend in orthogonal directions.
[0015] The first guide rail 31 may be installed in a ceiling of a laboratory in which a radiation imaging apparatus is
arranged.
[0016] The second guide rail 32 is positioned below the first guide rail 31 and is slidably mounted on the first guide
rail 31. A roller (not illustrated) that is movable along the first guide rail 31 may be installed in the first guide rail 31. The
second guide rail 32 may be connected to this roller (not illustrated) and move along the first guide rail 31.
[0017] A first direction D1 is defined as a direction in which the first guide rail 31 extends. A second direction D2 is
defined as a direction in which the second guide rail 32 extends. Accordingly, the first direction D1 and the second
direction D2 may be orthogonal to each other and parallel to the ceiling of the laboratory.
[0018] The moving carriage 40 is arranged below the second guide rail 32 so as to move along the second guide rail
32. A roller (not illustrated) may be installed in the moving carriage 40 so as to move along the second guide rail 32.
Accordingly, the moving carriage 40 may move in the first direction D1 with the second guide rail 32, and move in the
second direction D2 along the second guide rail 32. The post frame 50 is fixed in the moving carriage 40 and is positioned
below the moving carriage 40. The post frame 50 may include a plurality of posts 51, 52, 53, 54, and 55.
[0019] The plurality of posts 51, 52, 53, 54, and 55 are connected so as to be folded so that a length of the post frame
50 may increase or decrease in a vertical direction of the laboratory while being fixed to the moving carriage 40. Further,
the post frame 50 may have a shape of a telescope frame.
[0020] A third direction D3 is defined as a direction in which the length of the post frame 50 increases or decreases.
Accordingly, the third direction D3 may be orthogonal to both the first direction D1 and the second direction D2.
[0021] The X-ray source 70 is a device configured to radiate X-rays onto the object. The X-ray source 70 may include
an X-ray tube 71 configured to generate X-rays, and a collimator 72 configured to guide the generated X-rays toward
the object. Here, the object may be a body of human or animal, but the object is not limited thereto. The object may
include any object of which an internal structure may be imaged by the X-ray imaging apparatus 1. Also, further details
of the X-ray source 70 and the X-ray tube will be described below.
[0022] A rotary joint 60 is arranged between the X-ray source 70 and the post frame 50.
[0023] The rotary joint 60 enables the X-ray source 70 to be coupled to the post frame 50 and supports a load applied
on the X-ray source 70.
[0024] The rotary joint 60 may include a first rotary joint 61 connected to a lower post 51 of the post frame 50 and a
second rotary joint 62 connected to the X-ray source 70.
[0025] The first rotary joint 61 is rotatably provided around a central axis of the post frame 50 that extends in the
vertical direction of the laboratory. Accordingly, the first rotary joint 61 may be rotated on a plane perpendicular to the
third direction D3. In this case, a rotation direction of the first rotary joint 61 may be newly defined. A newly defined fourth
direction D4 is a rotation direction of an axis parallel to the third direction D3.
[0026] The second rotary joint 62 is rotatably provided on a plane perpendicular to the ceiling of the laboratory.
Accordingly, the second rotary joint 62 may be rotated in a rotation direction of an axis parallel to the first direction D1
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or the second direction D2. In this case, the rotation direction of the second rotary joint 62 may be newly defined. A
newly defined fifth direction D5 is a rotation direction of an axis that extends in the first direction or the second direction.
The X-ray source 70 is connected to the rotary joint 60 and may rotatably move in the fourth direction D4 and the fifth
direction D5. In addition, the X-ray source 70 is connected to the post frame 50 by the rotary joint 60 and may linearly
move in the first direction D1, the second direction D2, and the third direction D3.
[0027] In order to move the X-ray source 70 in the first direction D1 to the fifth direction D5, a motor 90 may be provided.
The motor 90 may be a motor that is electrically driven and the motor 90 may include an encoder.
[0028] The motor 90 may include a first motor, a second motor, a third motor, a fourth motor, and a fifth motor 91, 92,
93, 94, and 95 corresponding to each direction.
[0029] Each of the motors 91, 92, 93, 94, and 95 may be arranged in various positions in consideration of convenience
of a design. For example, the first motor 91 that moves the second guide rail 32 in the first direction D1 may be arranged
near the first guide rail 31, the second motor 92 that moves the moving carriage 40 in the second direction may be
arranged near the second guide rail 32, and the third motor 93 that increases or decreases the length of the post frame
50 in the third direction D3 may be arranged inside the moving carriage 40. In addition, the fourth motor 94 that rotatably
moves the X-ray source 70 in the fourth direction D4 may be arranged near the first rotary joint 61, and the fifth motor
95 that rotatably moves the X-ray source 70 in the fifth direction D5 may be arranged near the second rotary joint 62.
[0030] Each motor 90 may be connected to a power transmission device (not illustrated) such that the X-ray source
70 linearly or rotatably moves in the first direction D1 to the fifth direction D5. The power transmission device (not
illustrated) may include a commonly used belt, pulley, chain, sprocket, shaft or the like.
[0031] The manipulation unit 80 configured to provide a user interface is provided in a side of the X-ray source 70.
Here, a user may be a medical staff such as a doctor, a radiologist, or a nurse who performs diagnosis on the object
using the X-ray imaging apparatus 1, but the user is not limited thereto and may include anyone who uses the X-ray
imaging apparatus 1.
[0032] FIG. 3 is a perspective view of an exemplary manipulation unit of the X-ray imaging apparatus.
[0033] As illustrated in FIG. 3, the manipulation unit 80 may include one or more buttons 84 and a display panel 81.
The user may input various pieces of information about X-ray imaging or manipulate various devices using a method of
pressing the button84, touching the display panel 81, or the like. One or more buttons 84 may include rotation selection
buttons 85, 86 to rotate the X-ray source in the fourth direction D4 or the fifth direction D5. For example, in order to rotate
the X-ray source 70 in the fourth direction D4, the user presses the rotation selection button 85, or to rotate the X-ray
source 70 in the fifth direction D5, the user presses the rotation selection button 86. Locations of the rotation selection
buttons 85, 86 are shown as an example and the locations of the rotation selection buttons are not limited thereto.
[0034] For example, the user may input a movement direction and a movement position of the X-ray source 70 through
the button 84 or the display panel 81. The motor 90 is automatically driven according to the user’s input and linearly
moves the X-ray source 70 in the first direction D1, the second direction D2 or the third direction D3, or rotatably moves
the X-ray source 70 in the fourth direction D4 or the fifth direction D5, and enables the X-ray source 70 to be positioned
in the input movement direction and movement position. This may be defined as an automatic moving mode.
[0035] The display panel 81 may include a cathode ray tube (CRT), a digital light processing (DLP) panel, a plasma
display panel, a liquid crystal display (LCD) panel, an electro luminescence (EL) panel, an electrophoretic display (EPD)
panel, an electrochromic display (ECD) panel, a light emitting diode (LED) panel, an organic light emitting diode (OLED)
panel, and the like, but the embodiments are not limited thereto.
[0036] The manipulation unit 80 may include a graphic processing unit (GPU), a central processing unit (CPU) imple-
mented as a microprocessor and the like, and various kinds of storage devices. These devices may be provided in an
embedded printed circuit board (PCB). The manipulation unit 80 includes the PCB, is provided in a side of the X-ray
source 70, and therefore may also be called a "tube head board" or "THU."
[0037] Also, the manipulation unit 80 includes a handgrip 82 that may be gripped by the user. That is, the user grips
the handgrip 82 of the manipulation unit 80 to apply a force or torque so that the X-ray source 70 is moved linearly in
the first direction D1 to the third direction D3, or is rotatably moved in the fourth direction D4 and the fifth direction D5.
This may be defined as the automatic moving mode. While a case in which the handgrip 82 is provided below the
manipulation unit 80 is exemplified in FIG. 3, the handgrip 82 may also be provided in another position of the manipulation
unit 80.
[0038] Referring again to FIG. 1, the workstation 200 includes a user interface unit 210 and provides a user interface
along with the manipulation unit 80. The user interface unit 210 includes an input unit 211 and a display unit 212, and
may receive a user command for X-ray imaging and display various pieces of information about X-ray imaging. For
example, the user may set imaging conditions according to an imaging part through the user interface unit 210, or input
a movement command of the moving carriage 40 or the X-ray source 70, an X-ray imaging start command, or the like.
Also, the user may identify an image obtained by an X-ray imaging process through the user interface unit 210.
[0039] The input unit 211 may include a hardware input device such as various buttons, a switch, a keyboard, a mouse,
a trackball, various levers, a handle, and a stick for the user’s input. As illustrated in FIG. 1, the input unit 211 may be
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provided above the workstation 200. However, when the input unit 211 is implemented as a foot switch, a foot pedal,
and the like, the input unit 211 may also be provided below the workstation 200.
[0040] The input unit 211 may include a graphical user interface (GUI) such as a touch pad for the user’s input, that
is, a software input device. The touch pad is implemented as a touch screen panel (TSP) and may form an interlayer
structure with the display unit 212 to be described.
[0041] Similar to the display panel 81 of the manipulation unit 80, the display unit 212 may include a cathode ray tube
(CRT), a digital light processing (DLP) panel, a plasma display panel, a liquid crystal display (LCD) panel, an electro
luminescence (EL) panel, an electrophoretic display (EPD) panel, an electrochromic display (ECD) panel, a light emitting
diode (LED) panel, an organic light emitting diode (OLED) panel, and the like, but the embodiments are not limited thereto.
[0042] As described above, when the TSP forming the interlayer structure with the touch pad is configured, the display
unit 212 may be used as an input device in addition to a display device.
[0043] Also, a printed circuit board (PCB) including various processing devices such as a central processing unit (CPU)
or a graphic processing unit (GPU) and various kinds of storage devices may be embedded in the workstation 200.
Therefore, the workstation 200 may accommodate a main component of the X-ray imaging apparatus 1, for example,
the control unit (refer to 250 of FIG. 9), to perform various determinations for operations of the X-ray imaging apparatus
1, or generate various control signals.
[0044] A shield B for blocking X-rays is provided between the workstation 200 and a laboratory. Even while X-ray
imaging is performed, the user may input information or manipulate a device without being exposed to X-rays through
the shield B.
[0045] The X-ray detector 100 is a device to detect X-rays transmitted through the object. An incident surface 110 on
which X-rays that have transmitted through the object is provided in a front surface or front side of the X-ray detector
100. A detection panel 120 configured to detect incident X-rays, is provided inside the X-ray detector 100. A plurality of
pixels (refer to 130 of FIG. 11) responsive to X-rays may be arranged in a matrix form in the detection panel 120. Details
thereof will be described below. A handgrip 111 is provided at one side of the X-ray detector 100, for example, a center
of an upper part of the X-ray detector 100 and may provide convenience for the user when the X-ray detector 100 is
moved or carried.
[0046] A detector detecting unit (refer to 140 of FIG. 9) configured to detect a position of the X-ray detector 100, is
provided inside or outside the X-ray detector 100. The detector detecting unit 140 may use for example, a magnetic
sensor or a tilt sensor. Details thereof will be described below. A battery (refer to 112 of FIG. 7A) configured to supply
power to the detection panel 120, the detector detecting unit 140, and the like is provided in a rear surface of the X-ray
detector 100 to operate the X-ray detector 100. The battery 112 may include a secondary battery that may be charged
and may be detachably provided.
[0047] The X-ray detector 100 may be mounted in the imaging table 10 or the imaging stand 20 when X-ray imaging
is performed. A mounting unit 300 may be provided in the imaging table 10 and the imaging stand 20 such that the X-
ray detector 100 may be mounted. In this case, the mounting unit provided in the imaging table 10 is defined as a table
mounting unit 310, and the mounting unit provided in the imaging stand 20 is defined as a stand mounting unit 320.
[0048] As illustrated in FIG. 1, the table mounting unit 310 is provided to move in a longitudinal direction of a support
22 and rotate in a rotation direction of an axis perpendicular to the longitudinal direction of the support 22. Also, the
stand mounting unit 320 may be provided to move in a longitudinal direction of the imaging table 10. In this case, the
longitudinal direction of the support 22 is defined as a sixth direction D6, the rotation direction of an axis perpendicular
to the sixth direction D6 is defined as a seventh direction D7, and the longitudinal direction of the imaging table 10 is
defined as an eighth direction D8.
[0049] FIGS. 4A and 4B ("FIG. 4") are diagrams illustrating an exemplary X-ray detector mounted in the imaging table.
[0050] As illustrated in FIG. 4, the table mounting unit 310 may include a housing 15, an accommodating plate 16
accommodating the X-ray detector 100, and a fixing unit 17 configured to fix the accommodated X-ray detector 100.
The accommodating plate 16 may be provided in parallel with a bottom surface, that is, a plane formed by an x axis and
a y axis, and may be removed from the housing 15 or inserted into the housing 15 through a guide rail (not illustrated),
a guide groove (not illustrated), and the like. The X-ray detector 100 is accommodated in the accommodating plate 16
while being fixed by the fixing unit 17 and may be mounted in the table mounting unit 310 in parallel with the bottom
surface when the accommodating plate 16 is inserted.
[0051] The table mounting unit 310 in which the X-ray detector 100 is mounted moves in the eighth direction D8 and
may allow the entire object or a specific part of the object lying on the imaging table 10 to be imaged.
[0052] FIGS. 5A and 5B are diagrams illustrating an example of the X-ray detector mounted in the imaging stand.
FIGS. 5C and 5D are diagrams illustrating another example of the X-ray detector mounted in the imaging stand.
[0053] As illustrated in FIGS. 5A 5D, similar to the table mounting unit 310, the stand mounting unit 320 may include
a housing 25, an accommodating plate 26 accommodating the X-ray detector 100, and a fixing unit 27 configured to fix
the accommodated X-ray detector 100. Also, the accommodating plate 26 may be removed from the housing 25 or
inserted into the housing 25 through a guide rail (not illustrated), a guide groove (not illustrated), and the like.
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[0054] As described above, the stand mounting unit 320 may rotate in the seventh direction D7. Therefore, as illustrated
in FIGS. 5A and 5B, the accommodating plate 26 may be removed or inserted perpendicular to the bottom surface, that
is, in parallel with a plane formed by an x axis and a z axis, and as illustrated in FIGS. 5C and 5D, may be removed or
inserted in parallel with the bottom surface, that is, in parallel with a plane formed by an x axis and a y axis.
[0055] The X-ray detector 100 is accommodated in the accommodating plate 26 while being fixed by the fixing unit
27. According to a direction in which the accommodating plate 26 is removed or inserted, the X-ray detector 100 may
be mounted in the stand mounting unit 320 perpendicular to the bottom surface as on the bottom in FIGS. 5A and 5B.
Also, the X-ray detector 100 may be mounted in the stand mounting unit 320 in parallel with the bottom surface as on
the bottom in FIGS. 5C and 5D.
[0056] The stand mounting unit 320 in which the X-ray detector 100 is mounted moves in the sixth direction D6, and
may allow the entire object or a specific part of the object standing on the imaging stand 20 to be imaged.
[0057] The X-ray detector 100 may be portably provided without being mounted in the imaging table 10 or the imaging
stand 20.
[0058] FIG. 6 is a diagram illustrating an example in which the X-ray detector is portably provided.
[0059] As illustrated in FIG. 6, the X-ray detector 100 is not fixedly mounted in the table mounting unit 310 or the stand
mounting unit 320, and may be provided to freely move outside the imaging table 10 and the imaging stand 20. When
the X-ray detector 100 is portably provided, the object may be imaged in various positions, various directions, or various
angles, and customized imaging corresponding to the object’s state may be performed.
[0060] FIGS. 7A and 7B are diagrams illustrating another example in which the X-ray detector is portably provided.
[0061] As illustrated in FIGS. 7A and 7B, the X-ray detector 100 may be mounted in a portable mounting unit 330.
The portable mounting unit 330 may include a grid 331 configured to reduce an amount of scattering rays arriving at the
X-ray detector 100 and a frame 332 forming a circumference of the grid 331.
[0062] The grid 331 may be formed by mixing a material having a high X-ray absorption rate and a material having a
low X-ray absorption rate. The grid 331 includes at least one thin plate having a high X-ray absorption rate, and may be
formed in a form in which a material having a low X-ray absorption rate is provided between thin plates. In the thin plate,
an absorption pattern layer may be made of lead, bismuth, gold, barium, tungsten, platinum, mercury, indium, thallium,
palladium, tin, zinc or alloys thereof, but the embodiments are not limited thereto. The material having a low X-ray
absorption rate may be made of any of plastic, a polymer, a ceramic, graphite, and a carbon fiber, but the embodiments
are not limited thereto.
[0063] Also, the grid 331 may be implemented as a focused grid in which thin plates are arranged toward a focus in
a predetermined angle, a parallel grid in which thin plates are arranged in parallel, or a crossed grid in which a plurality
of parallel grids are overlapped, but the embodiments are not limited thereto.
[0064] At least one protrusion 332a or 332b may be formed in the frame 332. The X-ray detector 100 may be combined
with the portable mounting unit 300 being fitted to the protrusions 332a and 332b, but the embodiments are not limited
thereto. As long as the X-ray detector 100 may be combined with the portable mounting unit 300, the portable mounting
unit 300 may have a structure other than a structure forming the protrusion, and a method other than the fitting may also
be applied.
[0065] The portable mounting unit 300 combined with the X-ray detector 100 forms a cover of the incident surface
110. The grid 331 is provided in a front surface of the incident surface 110, and may reduce an amount of X-ray scattering
incident on the X-ray detector 100 or prevent scattering of X-rays.
[0066] As illustrated in FIG. 7B, the X-ray detector 100 moves while being mounted in the portable mounting unit 300
and may be portably used. The X-ray detector 100 moves while being mounted in the portable mounting unit 300 and
allows the object to be imaged in various positions, directions or angles.
[0067] As described above, the X-ray detector 100 may be mounted in the table mounting unit 310 or may be mounted
in the stand mounting unit 320. Also, the X-ray detector 100 may be portably provided without being mounted in the
table mounting unit 310 or the stand mounting unit 320, or may be portably provided while being mounted in the portable
mounting unit 330. In this manner, according to a mounting position and a mounting state of the X-ray detector 100, and
the like, a table type, a stand type, and a portable type may be defined. The X-ray detector 100 mounted in the table
mounting unit 310 is defined as a table type X-ray detector, the X-ray detector 100 mounted in the stand mounting unit
320 is defined as a stand type X-ray detector, and the X-ray detector 100 that is portably provided without being mounted
in the table mounting unit 310 or the stand mounting unit 320 or that is portably provided while being mounted in the
portable mounting unit 330 is defined as a portable type X-ray detector, respectively.
[0068] Also, hereinbelow, the expressions "mounted in the table mounting unit 310," "implemented in a table type,"
and "provided in a table type" are the same. Similarly, the expressions "mounted in the stand mounting unit 320,"
"implemented in a stand type." and "provided in a stand type" are the same. The expressions "is portably provided,"
"implemented in a portable type," and "is provided in a portable type" are the same.
[0069] The X-ray detector 100 may be provided alone. The single X-ray detector 100 may be implemented in the table
type, the stand type, or the portable type. Also, a plurality of X-ray detectors 100 may be provided. The plurality of X-
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ray detectors 100 may also be implemented in different types. All of the plurality of X-ray detectors 100 or some of the
plurality of X-ray detectors 100 may also be implemented in the same type.
[0070] FIG. 8A is a diagram illustrating an example in which the plurality of X-ray detectors are provided. FIG. 8B is
a diagram illustrating another example in which the plurality of X-ray detectors are provided.
[0071] As illustrated in FIG. 8A, the plurality of X-ray detectors 100 are provided. The plurality of X-ray detectors 100
may include the table type X-ray detector mounted in the table mounting unit 310 and the stand type X-ray detector
mounted in the stand mounting unit 320. The plurality of X-ray detectors 100 may include at least two of the stand type
X-ray detector, the table type X-ray detector, and the portable type X-ray detector. For example, the plurality of X-ray
detectors may include the stand type X-ray detector and the portable type X-ray detector, or may include the table type
X-ray detector and the portable type X-ray detector. In addition, as illustrated in FIG. 8B, the plurality of X-ray detectors
100 may include the table type X-ray detector, the stand type X-ray detector, and the portable type X-ray detector.
[0072] In order to perform X-ray imaging at a position desired by the user, the X-ray detector 100 should be provided
at a corresponding position and X-ray detection should be performed by the X-ray detector 100 at the corresponding
position. That is, the ID of the X-ray detector 100 should be set according to the corresponding position. For example,
in order to image the object lying on the imaging table 10, the table type X-ray detector 100 should be provided and the
ID of the X-ray detector 100 should be set for a table.
[0073] Also, in order to perform X-ray imaging, it is necessary to determine whether the X-ray detector 100 is mounted
and it is necessary to determine an X-ray detector 100 and a mounting position thereof. That is, it is necessary to
determine the mounting position and the ID of the X-ray detector 100. For example, in order to image the object lying
on the imaging table 10, it is necessary to determine whether the X-ray detector 100 is mounted in the table mounting
unit 310. Also, it is necessary to identify the ID of the X-ray detector 100 mounted in the table mounting unit 310 and
determine whether the ID of the X-ray detector 100 is set for a table.
[0074] Accordingly, hereinbelow, with reference to a given control block diagram, components of the X-ray imaging
apparatus 1 capable of determining an X-ray detector 100 and a mounting position thereof, and functions of the com-
ponents will be described in detail.
[0075] FIG. 9 is a control block diagram of an X-ray imaging apparatus according to an embodiment. As illustrated in
FIG. 9, the X-ray imaging apparatus 1 may include the workstation 200, the X-ray source 70, the X-ray detector 100,
and the manipulation unit 80. The X-ray source 70, the X-ray detector 100, and the manipulation unit 80 may be connected
to the workstation 200 via a wired and/or wireless network 400. The workstation 200 includes the user interface unit
210, a communication unit 260, a control unit 250, and a storage unit 270. The X-ray detector 100 may include the
detector detecting unit 140, a detector control unit 150, a detector communication unit 160, and a detector storage unit 170.
[0076] The X-ray source 70 is a device that generates X-rays and radiates the generated X-rays onto the object, and
may include the X-ray tube 71 in order to generate X-rays, as illustrated in FIG. 10. FIG. 10 is a cross-sectional view of
an internal structure of an exemplary X-ray tube.
[0077] The X-ray tube 71 may be implemented as a diode including an anode 71c and a cathode 71e. A tube body
may be a glass tube 71a made of, for example, silica hard glass.
[0078] The cathode 71e includes a filament 71h and a focusing electrode 71g configured to focus electrons. The
focusing electrode 71g is also referred to as a focusing cup. An inside of the glass tube 71a is maintained in a high
vacuum state of about 10 mmHg, the filament 71h of the cathode is heated to a high temperature, and thermoelectrons
are generated. As an example of the filament 71h, a tungsten filament may be used. Current may be applied to an
electrical conductor 71f connected to the filament and heat the filament 71h. However, the embodiments are not limited
to employing the filament 71h in the cathode 71e, but it is also possible to use a carbon nano-tube capable of being
driven in a high-speed pulse as the cathode.
[0079] The anode 71c is mainly made of copper, a target material 71d is coated or arranged on a side facing the
cathode 71e. A high-resistance material such as Cr, Fe, Co, Ni, W, and Mo may be used as the target material. As a
melting point of the target material increases, a focal spot size decreases.
[0080] When high voltage is applied between the cathode 71e and the anode 71c, thermoelectrons are accelerated
and collide with the target material 71d of the anode, and X-rays are generated. The generated X-rays are radiated to
the outside through a window 71i and a beryllium (Be) film may be used as a material of the window.
[0081] The target material 71d may be rotated by a rotor 71b. When the target material 71d is rotated, a heat accu-
mulation rate per unit area may be about ten times or more that of a fixed state of the target material 71d and the focal
spot size decreases.
[0082] Voltage applied between the cathode 71e and the anode 71c of the X-ray tube 71 is referred to as tube voltage,
and a level thereof may be indicated as peak kilo voltage (kvp). As the tube voltage increases, a speed of the thermo-
electrons increases. As a result, energy (photon energy) generated when the X-rays collide with the target material
increases. Current flowing in the X-ray tube 71 is referred to as tube current and may be indicated as an average mA.
As the tube current increases, an X-ray dose (the number of X-ray photons) increases. That is, energy of X-rays may
be controlled by the tube voltage and the X-ray dose may be controlled by the tube current and an X-ray exposure time.
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[0083] The X-ray detector 100 is a device that detects the X-rays that have been radiated from the X-ray source 70
and transmitted through the object. This X-ray detection may be performed in the detection panel 120 inside the X-ray
detector 100. In addition, the detection panel 120 converts the detected X-rays into an electrical signal and an X-ray
image of an inside of the object is obtained.
[0084] The detection panel 120 may be classified according to a material configuration method, a method of converting
detected X-rays into an electrical signal, and a method of obtaining an electrical signal.
[0085] First, the detection panel 120 may be classified as a single element configuration or a mixed element config-
uration according to the material configuration method.
[0086] When the single element configuration is used, a part in which the X-rays are detected and an electrical signal
is generated and a part in which the electrical signal is read and processed are made of a single element semiconductor
or are manufactured in a single process. For example, a complementary metal oxide semiconductor (CMOS) or a charge
coupled device (CCD) serving as a light receiving element may be used.
[0087] When the mixed element configuration is used, a part in which the X-rays are detected and an electrical signal
is generated and a part in which the electrical signal is read and processed are made of different elements or are
manufactured in different processes. For example, there are cases in which X-rays are detected using a light receiving
element such as a photo diode, a CCD, and CdZnTe and an electrical signal is read and processed using a CMOS read
out integrated circuit (ROIC), cases in which X-rays are detected using a strip detecting unit and an electrical signal is
read and processed using a CMOS ROIC, and cases in which an a-Si or a-Se flat panel system is used.
[0088] The detection panel 120 is classified as performing a direct converting method or an indirect converting method
according to the method of converting X-rays into an electrical signal.
[0089] In the direct converting method, when X-rays are radiated, electron-hole pairs are temporarily generated inside
the light receiving element, and electrons move to an anode and holes move to a cathode due to an electric field applied
to both ends of the light receiving element. The detection panel 120 converts this movement into an electrical signal. In
the direct converting method, a-Se, CdZnTe, HgI2, PbI2, or the like is a material used as the light receiving element
[0090] In the indirect converting method, when X-rays radiated from the X-ray source 70 react with a scintillator and
photons having a wavelength of a visible light range are emitted, the light receiving element detects the emitted photons
and converts the photons into an electrical signal. In the indirect converting method, a-Si or the like is a material used
as the light receiving element and a thin-film GADOX scintillator, or a micro columnar or needle-shaped CSI (TI) scintillator
is used as the scintillator.
[0091] In addition, a method of obtaining an electrical signal in the detection panel 120 is classified as a charge
integration mode in which electric charges are stored for a predetermined time and a signal is obtained therefrom or a
photon counting mode in which photons are counted whenever a signal is generated by a single X-ray photon.
[0092] The detection panel 120 may apply any of the above methods. However, for convenience of description,
application of the direct converting method in which an electrical signal is directly obtained from X-rays, a hybrid method
in which a sensor chip to detect X-rays and a readout circuit chip are combined, and a photon counting method will be
described below.
[0093] The detection panel 120 may have a 2D array structure including a plurality of pixels 130 as illustrated in FIG.
11. FIG. 11 is a schematic diagram illustrating a structure of the detection panel.
[0094] As illustrated in FIG. 11, the detection panel 120 may include a receiving element 121 configured to detect X-
rays and generate an electrical signal, and a readout circuit 122 configured to read out the generated electrical signal.
[0095] In order to secure a high resolution, a rapid response time, and a high dynamic area with low energy and a
small dose, a single crystal semiconductor material may be used as the receiving element 121. In this case, the single
crystal semiconductor material to be used may include Ge, CdTe, CdZnTe, GaAs, or the like.
[0096] The receiving element 121 may be formed as a PIN photodiode in which a p-type semiconductor substrate
121c having a 2D array structure is bonded to a bottom of a high resistance n-type semiconductor substrate 121b.
[0097] The readout circuit 122 using a CMOS process forms a 2D array structure, and may be bonded to the p-type
semiconductor substrate 121c of the receiving element 121 for each pixel 150. In this case, as a bonding method, a flip-
chip bonding method in which a bump 123 such as solder (PbSn) or indium (In) is formed, reflowed, heated, and
compressed may be used.
[0098] FIG. 12 is a circuit diagram schematically illustrating a single pixel area. As illustrated in FIG. 12, when photons
of X-rays are incident on the receiving element 121, electrons in a valance band receive energy of photons, cross over
a band gap energy difference, and are excited into a conduction band. Therefore, electron-hole pairs are generated in
a depletion region in which there are no electrons or holes.
[0099] When each metal electrode is formed in a p-type layer and an n-type substrate of the receiving element 121
and reverse bias is applied, among electron-hole pairs generated in the depletion region, electrons move to an n-type
region and holes move to a p-type region. The holes that move to the p-type region are input to the readout circuit 122
through bump bonding 123.
[0100] Electric charges input to the readout circuit 122 are delivered to a pre-amplifier 122a and a voltage signal
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corresponding thereto is output.
[0101] The voltage signal output from the pre-amplifier 122a is delivered to a comparator 122b. The comparator
compares any threshold voltage that can be controlled from the outside and an input voltage signal, and outputs a pulse
signal of "1" or "0" based on a comparison result. That is, the comparator outputs a signal of "1" when input voltage is
greater than threshold voltage, and outputs a signal of "0" when the input voltage is smaller than threshold voltage. A
counter 122c counts the number of times "1" is output and outputs data in a digital form.
[0102] Referring again to FIG. 9, the X-ray detector 100 may include the detector detecting unit 140, the detector
control unit 150, the detector communication unit 160, and the detector storage unit 170.
[0103] The detector control unit 150 controls overall operations of the X-ray detector 100. The detector control unit
150 may control each component of the X-ray detector 100, that is, the detector detecting unit 140, the detector com-
munication unit 160, the detector storage unit 170, and the like. The detector control unit 150 may be various types of
processors including at least one chip having an integrated circuit formed therein.
[0104] The detector detecting unit 140 may include at least one sensor detecting a position of the X-ray detector 100.
The detector detecting unit 140 may be provided in a rear surface or a side surface of the X-ray detector 100, or may
also be provided inside the X-ray detector 100. That is, a position of the detector detecting unit 140 is not limited, as
long as detection of X-rays is not affected.
[0105] The detector detecting unit 140 may use a magnetic sensor or a tilt sensor, but the embodiments are not limited
thereto. However, different types of sensors may also be used as long as the position of the X-ray detector 100 may be
detected. For convenience of description, hereinafter, the detector detecting unit 140 including the magnetic sensor or
the tilt sensor will be exemplified and described.
[0106] The magnetic sensor is a sensor configured to detect a magnetic field or a magnetic intensity, a direction
thereof, a strength thereof, and the like, and may be classified as a linear magnetic sensor or a nonlinear magnetic
sensor. The linear magnetic sensor (hereinafter referred to as "M") refers to a magnetic sensor configured to linearly
output a value corresponding to a magnetic field strength, such as a hall sensor. The nonlinear magnetic sensor (here-
inafter referred to as "H") refers to a magnetic sensor configured to output on or off according to whether a magnetic
field strength is equal to or greater than a threshold value such as a hall integrated circuit (hall IC). Also, the magnetic
field strength may be defined as a sum of sizes of magnetic fields in three mutually orthogonal directions with respect
to each magnetic sensor. Accordingly, when a vector of the magnetic field detected by the magnetic sensor forms
coordinates of (x, y, z) = (VI, V2, V3) with respect to mutually orthogonal x axis, y axis, and z axis, the magnetic field
strength becomes |V1|+|V2|+|V3|.
[0107] The tilt sensor (hereinafter referred to as "G") is a sensor configured to detect a degree of a tilt with respect to
a gravity direction, and may include an acceleration sensor configured to detect a tilt by measuring a degree of inclination
with respect to a gravity acceleration, a gyro sensor configured to detect a tilt by measuring a rotation direction or a
rotation angle according to movement, and the like, but the embodiments are not limited thereto.
[0108] FIGS. 13A, 13B, 13C, 13D and 13E ("FIG. 13) are diagrams illustrating an example of a detector detecting unit
including a linear magnetic sensor. FIG. 14 is a diagram illustrating a magnetic field detected by the linear magnetic
sensor of FIG. 13.
[0109] As illustrated in, FIG. 13A, the X-ray detector 100 may include the detector detecting unit 140 having the single
linear magnetic sensor M. While the single X-ray detector 100 is exemplified in FIG. 13, the plurality of X-ray detectors
100 may be provided as described above. When the plurality of X-ray detectors 100 are provided, all of the X-ray detectors
100 have the single linear magnetic sensor M at the same positions.
[0110] The X-ray detector 100 may be divided into four virtual regions, that is, A1, A2, A3, and A4, with respect to the
single linear magnetic sensor M. A1, A2, A3, and A4 may have the same shape and size or different shapes and sizes.
Each of the table mounting unit 310 and the stand mounting unit 320 may be divided into four virtual regions to correspond
to shapes and sizes of A1, A2, A3, and A4. Here, the divided regions of the table mounting unit 310 are defined as B1,
B2, B3, and B4, and the divided regions of the stand mounting unit 320 are defined as C1, C2, C3, and C4.
[0111] A magnet may be mounted in the table mounting unit 310 and the stand mounting unit 320. In the table mounting
unit 310, the magnet may be mounted in, for example, an inside of the housing 15, and a front surface or a rear surface
of the accommodating plate 16. Similarly, in the stand mounting unit 320, the magnet may be mounted in an inside of
the housing 25, and a front surface or a rear surface of the accommodating plate 26.
[0112] The magnet of the table mounting unit 310 and the magnet of the stand mounting unit 320 may be mounted in
positions that correspond or do not correspond to each other. The magnet of the table mounting unit 310 and the magnet
of the stand mounting unit 320 may be aligned by different polarities. For example, as illustrated in FIGS. 13B and 13C,
the magnet of the table mounting unit 310 may be mounted in the region B2, and the magnet of the stand mounting unit
320 may be mounted in the region C2. Also, the magnet of the table mounting unit 310 may be aligned by an S pole
and the magnet of the stand mounting unit 320 may be aligned by an N pole.
[0113] Accordingly, the linear magnetic sensor M detects a different magnetic field direction according to whether the
X-ray detector 100 is mounted in the table mounting unit 310 or in the stand mounting unit 320. When the X-ray detector
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100 is mounted in the table mounting unit 310, that is, when the X-ray detector 100 is implemented in a table type, the
linear magnetic sensor M detects magnetic field lines output from the top right, as illustrated in FIG. 13D. On the other
hand, when the X-ray detector 100 is mounted in the stand mounting unit 320, that is, when the X-ray detector 100 is
implemented in a stand type, the linear magnetic sensor M detects magnetic field lines entering at the top right, as
illustrated in FIG. 13E.
[0114] As illustrated in FIG. 14, when a magnetic field direction is expressed as a coordinate format of (x, y, z), if the
X-ray detector 100 is implemented in a table type, the linear magnetic sensor M detects a magnetic field direction of (x,
y, z) = (+, +, +), and if the X-ray detector 100 is implemented in a stand type, the linear magnetic sensor M detects a
magnetic field direction of (x, y, z) = (-, -, +). That is, the linear magnetic sensor M detects different magnetic fields in
an x axis direction and a y axis direction according to a mounting position.
[0115] Similarly, when the plurality of X-ray detectors 100 exemplified in FIG. 13 are provided, the linear magnetic
sensor M of the X-ray detector 100 implemented in a table type and the linear magnetic sensor M of the X-ray detector
100 implemented in a stand type detect a different magnetic field direction.
[0116] The control unit 250 to be described may determine a mounting position of the X-ray detector 100 using a
magnetic field direction detected by the linear magnetic sensor M in this manner. When the X-ray detector 100 is mounted,
a sensor value of the linear magnetic sensor M may be stored in the detector storage unit 170 temporarily or non-
temporarily.
[0117] FIGS. 15A, 15B, 15C, 15D, 15E, 15F and 15G ("FIG. 15") are diagrams illustrating another example of the
detector detecting unit including the linear magnetic sensor. FIG. 16 is a diagram illustrating a magnetic field detected
by the linear magnetic sensor of FIG. 14. When other embodiments of the detector detecting unit 140 including the
embodiment illustrated in FIG. 15 are described, content that is the same as or similar to that of the above-described
embodiment will not be repeated.
[0118] As illustrated in FIG. 15, the X-ray imaging apparatus 1 may further include the portable mounting unit 330 in
addition to the table mounting unit 310 and the stand mounting unit 320.
[0119] As the same as in FIG. 13A, the detector detecting unit 140 of the X-ray detector 100 may include the single
linear magnetic sensor M. When the plurality of X-ray detectors 100 are provided, all of the X-ray detectors 100 include
the single linear magnetic sensor M at the same positions.
[0120] Also, the four virtual regions A1, A2, A3, and A4 of the X-ray detector 100, and the four regions B1, B2, B3,
and B4 of the table mounting unit 310 and the four regions C1, C2, C3, and C4 of the stand mounting unit 320, which
are defined to correspond thereto, are the same as those in FIG. 13. Similarly, the portable mounting unit 330 may be
divided into four virtual regions to correspond to shapes and sizes of A1, A2, A3, and A4. The four regions of the portable
mounting unit 330 may be defined as E1, E2, E3, and E4.
[0121] The magnet may be mounted in the table mounting unit 310, the stand mounting unit 320, and the portable
mounting unit 330. In the portable mounting unit 330, the magnet may be mounted on, for example, an inner surface or
an outer surface of the frame 332.
[0122] The magnet of the table mounting unit 310 and the magnet of the stand mounting unit 320 may be mounted in
regions or positions that correspond to each other. The magnet of the table mounting unit 310 and the magnet of the
stand mounting unit 320 may be aligned by different polarities. The magnet of the portable mounting unit 330 may be
mounted in a region that does not correspond to the magnet of the table mounting unit 310 or the magnet of the stand
mounting unit 320. The magnet of the portable mounting unit 330 may be aligned by the same polarity as the table
mounting unit 310, or may be aligned by the same polarity as the stand mounting unit 320.
[0123] For example, as illustrated in FIGS. 15B, 15C and 15D, the magnet of the table mounting unit 310 may be
mounted in the region B2, the magnet of the stand mounting unit 320 may be mounted in the region C2, and the magnet
of the portable mounting unit 330 may be mounted in the region E4. Also, the magnet of the table mounting unit 310
and the magnet of the portable mounting unit 330 may be aligned by an S pole and the magnet of the stand mounting
unit 320 may be aligned by an N pole.
[0124] Accordingly, the linear magnetic sensor M detects a different magnetic field direction according to whether the
X-ray detector 100 is mounted in the table mounting unit 310, the stand mounting unit 320, or the portable mounting unit
330. When the X-ray detector 100 is mounted in the table mounting unit 310, that is, when the X-ray detector 100 is
implemented in a table type, the linear magnetic sensor M detects magnetic field lines output from the top right, as
illustrated in FIG. 15E. On the other hand, when the X-ray detector 100 is mounted in the stand mounting unit 320, that
is, when the X-ray detector 100 is implemented in a stand type, the linear magnetic sensor M detects magnetic field
lines entering at the top right as illustrated in FIG. 15F. Also, when the X-ray detector 100 is mounted in the portable
mounting unit 330, that is, when the X-ray detector 100 is implemented in a portable type, the linear magnetic sensor
M detects magnetic field lines output from the bottom right as illustrated in FIG. 15G.
[0125] That is, as illustrated in FIG. 16, when the X-ray detector 100 is implemented in a table type, the linear magnetic
sensor M detects a magnetic field direction of (x, y, z) = (+, +, +). When the X-ray detector 100 is implemented in a stand
type, the linear magnetic sensor M detects a magnetic field direction of (x, y, z) = (-, -, +). When the X-ray detector 100



EP 3 524 155 A1

12

5

10

15

20

25

30

35

40

45

50

55

is implemented in a portable type, the linear magnetic sensor M detects a magnetic field direction of (x, y, z) = (+, -, +).
That is, the linear magnetic sensor M detects a different magnetic field in an x axis direction or a y axis direction according
to the mounting unit 300 in which the X-ray detector 100 is mounted.
[0126] Similarly, when the plurality of X-ray detectors 100 exemplified in FIG. 15 are provided, the linear magnetic
sensor M of the X-ray detector 100 implemented in a table type, the linear magnetic sensor M of the X-ray detector 100
implemented in a stand type, or the linear magnetic sensor M of the X-ray detector 100 implemented in a portable type
detects a different magnetic field direction.
[0127] FIG. 17 is a diagram illustrating still another example of the detector detecting unit including the linear magnetic
sensor.
[0128] As illustrated in FIG. 17, the detector detecting unit 140 of the X-ray detector 100 and four virtual regions A1,
A2, A3, and A4 of the X-ray detector 100 are the same as those in FIG. 13A. Also, four regions B1, B2, B3, and B4 of
the table mounting unit 310 and four regions C1, C2, C3, and C4 of the stand mounting unit 320, which are defined to
correspond to the regions A1, A2, A3, and A4, are the same as those in FIG. 13.
[0129] The magnet may be mounted in the table mounting unit 310 and the stand mounting unit 320. The magnet of
the table mounting unit 310 and the magnet of the stand mounting unit 320 may be mounted in different regions. The
magnet of the table mounting unit 310 and the magnet of the stand mounting unit 320 may be aligned by the same
polarity. For example, as illustrated in FIGS. 17B and 17C, the magnet of the table mounting unit 310 may be mounted
in the region B2, and the magnet of the stand mounting unit 320 may be mounted in the region C3. In addition, the
magnet of the table mounting unit 310 and the magnet of the stand mounting unit 320 may be aligned by the same
polarity, for example, an S pole.
[0130] Accordingly, the linear magnetic sensor M detects a different magnetic field direction according to whether the
X-ray detector 100 is mounted in the table mounting unit 310 or in the stand mounting unit 320. When the X-ray detector
100 is mounted in the table mounting unit 310, the linear magnetic sensor M detects the magnetic field from the top right
as illustrated in FIG. 17D. On the other hand, when the X-ray detector 100 is mounted in the stand mounting unit 320,
the linear magnetic sensor M detects the magnetic field from the bottom left as illustrated in FIG. 17E. That is, when the
X-ray detector 100 is implemented in a table type, the linear magnetic sensor M detects a magnetic field direction of (x,
y, z) = (+, +, +). When the X-ray detector 100 is implemented in a stand type, the linear magnetic sensor M detects a
magnetic field direction of (x, y, z) = (-, -, +).
[0131] Similarly, when the plurality of X-ray detectors 100 exemplified in FIG. 17 are provided, the linear magnetic
sensor M of the X-ray detector 100 implemented in a table type and the linear magnetic sensor M of the X-ray detector
100 implemented in a stand type detect different magnetic field directions.
[0132] FIGS. 18A, 18B, 18C, 18D, 18E, 18F and 18G (FIG. 18") are diagrams illustrating still another example of the
detector detecting unit including the linear magnetic sensor. As illustrated in FIG. 18, the X-ray imaging apparatus 1
may further include the portable mounting unit 330 in addition to the table mounting unit 310 and the stand mounting
unit 320.
[0133] The detector detecting unit 140 of the X-ray detector 100 and four virtual regions A1, A2, A3, and A4 of the X-
ray detector 100 are the same as those in FIG. 13A or 15A. Also, four regions B1, B2, B3, and B4 of the table mounting
unit 310, four regions C1, C2, C3, and C4 of the stand mounting unit 320, and four regions E1, E2, E3, and E4 of the
portable mounting unit 330, which are defined to correspond to the regions A1, A2, A3, and A4, are the same as those
in FIG. 13 or 15.
[0134] The magnet may be mounted in the table mounting unit 310, the stand mounting unit 320, and the portable
mounting unit 330. The magnet of the table mounting unit 310, the magnet of the stand mounting unit 320, and the
magnet of the portable mounting unit 330 may be mounted in different regions. Each of the magnet of the table mounting
unit 310, the magnet of the stand mounting unit 320, and the magnet of the portable mounting unit 330 may be aligned
by the same polarity.
[0135] For example, as illustrated in FIGS. 18B to 18D, the magnet of the table mounting unit 310 may be mounted
in the region B2, the magnet of the stand mounting unit 320 may be mounted in the region C3, and the magnet of the
portable mounting unit 330 may be mounted in the region E4. Also, each of the magnet of the table mounting unit 310,
the magnet of the stand mounting unit 320, and the magnet of the portable mounting unit 330 may be aligned by an S pole.
[0136] Accordingly, the linear magnetic sensor M detects a different magnetic field direction according to whether the
X-ray detector 100 is mounted in the table mounting unit 310, in the stand mounting unit 320, or in the portable mounting
unit 330.
[0137] When the X-ray detector 100 is mounted in the table mounting unit 310, the linear magnetic sensor M detects
a magnetic field from the top right as illustrated in FIG. 18E. That is, the linear magnetic sensor M detects a magnetic
field direction of (x, y, z) = (+, +, +). When the X-ray detector 100 is mounted in the stand mounting unit 320, the linear
magnetic sensor M detects a magnetic field from the bottom right as illustrated in FIG. 18F. That is, the linear magnetic
sensor M detects a magnetic field direction of (x, y, z) = (-, -, +). Also, when the X-ray detector 100 is mounted in the
portable mounting unit 330, the linear magnetic sensor M detects the magnetic field from the bottom left as illustrated
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in FIG. 18G. That is, the linear magnetic sensor M detects a magnetic field direction of (x, y, z) = (+, -, +).
[0138] Similarly, when the plurality of X-ray detectors 100 exemplified in FIG. 18 are provided, the linear magnetic
sensor M of the X-ray detector 100 implemented in a table type, the linear magnetic sensor M of the X-ray detector 100
implemented in a stand type, or the linear magnetic sensor M of the X-ray detector 100 implemented in a portable type
detects a different magnetic field direction.
[0139] While the detector detecting unit 140 including the single linear magnetic sensor M is exemplified in FIGS. 13
to 18, the detector detecting unit 140 may also include a plurality of linear magnetic sensors M.
[0140] FIGS. 19A, 19B, 19C, 19D and 19E (FIG. 19") are diagrams illustrating an example of a detector detecting unit
including a plurality of linear magnetic sensors.
[0141] As illustrated in FIG. 19, the X-ray detector 100 may include the detector detecting unit 140 having two linear
magnetic sensors M1 and M2. In this case, the two linear magnetic sensors M1 and M2 may be a predetermined distance
from each other. While the single X-ray detector 100 is exemplified in FIG. 19, the plurality of X-ray detectors 100 may
be provided. In this case, all of the X-ray detectors 100 have the same number of linear magnetic sensors M1 and M2
at the same positions.
[0142] The two linear magnetic sensors may be distinguished as the first linear magnetic sensor M1 and the second
linear magnetic sensor M2. The X-ray detector 100 may be divided into a plurality of virtual regions such that the first
linear magnetic sensor M1 and the second linear magnetic sensor M2 are separated. As exemplified in FIG. 19A, the
X-ray detector 100 may be divided into four virtual regions, that is, A1, A2, A3, and A4.
[0143] A1, A2, A3, and A4 may have the same shape and size or different shapes and sizes. Each of the table mounting
unit 310 and the stand mounting unit 320 may be divided into four virtual regions to correspond to shapes and sizes of
A1, A2, A3, and A4. The table mounting unit 310 may be divided into four regions B1, B2, B3, and B4, and the stand
mounting unit 320 may be divided into four regions C1, C2, C3, and C4.
[0144] The magnet may be mounted in the table mounting unit 310 and the stand mounting unit 320. The magnet of
the table mounting unit 310 and the magnet of the stand mounting unit 320 may be mounted in different regions. One
of the magnet of the table mounting unit 310 and the magnet of the stand mounting unit 320 may be provided in a region
or a position corresponding to the first linear magnetic sensor M1, and the other magnet may be provided in a region or
a position corresponding to the second linear magnetic sensor M2. As exemplified in FIGS. 19B and 19C, the magnet
of the table mounting unit 310 may be provided in the region B2, and the magnet of the stand mounting unit 320 may
be provided in the region C3. The magnet of the table mounting unit 310 may be provided to correspond to a position
of the first linear magnetic sensor M1, and the magnet of the stand mounting unit 320 may be provided to correspond
to a position of the second linear magnetic sensor M2.
[0145] The magnet of the table mounting unit 310 and the magnet of the stand mounting unit 320 may be aligned by
the same polarity. Both the magnet of the table mounting unit 310 and the magnet of the stand mounting unit 320 may
be aligned by an S pole or an N pole.
[0146] Accordingly, the two linear magnetic sensors M1 and M2 detect different magnetic fields according to a mounting
position of the X-ray detector 100. A magnetic field strength detected by the first linear magnetic sensor M1 and a
magnetic field strength detected by the second linear magnetic sensor M2 become different according to whether the
X-ray detector 100 is mounted in the table mounting unit 310 or in the stand mounting unit 320.
[0147] When the X-ray detector 100 is mounted in the table mounting unit 310 in FIG. 19D, that is, when the X-ray
detector 100 is implemented in a table type, the first linear magnetic sensor M1 detects a magnetic field strength that is
relatively greater than that of the second linear magnetic sensor M2. On the other hand, when the X-ray detector 100
is mounted in the stand mounting unit 320 in FIG. 19E, that is, when the X-ray detector 100 is implemented in a stand
type, the second linear magnetic sensor M2 detects a magnetic field strength that is relatively greater than that of the
first linear magnetic sensor M1.
[0148] Similarly, when the plurality of X-ray detectors 100 exemplified in FIG. 19 are provided, the linear magnetic
sensors M1 and M2 of the X-ray detector 100 implemented in a table type and the linear magnetic sensors M1 and M2
of the X-ray detector 100 implemented in a stand type detect different magnetic fields.
[0149] The control unit 250 to be described may determine a position in which the X-ray detector 100 is mounted using
a magnetic field strength detected by the plurality of linear magnetic sensors M in this manner. When the X-ray detector
100 is mounted, sensor values of the plurality of linear magnetic sensors M may be stored in the detector storage unit
170 temporarily or non-temporarily.
[0150] FIGS. 20A, 20B, 20C, 20D, 20E, 20F and 20G ("FIG. 20") are diagrams illustrating another example of the
detector detecting unit including the plurality of linear magnetic sensors.
[0151] As illustrated in FIG. 20, the X-ray imaging apparatus 1 may further include the portable mounting unit 330 in
addition to the table mounting unit 310 and the stand mounting unit 320.
[0152] The X-ray detector 100 may include the detector detecting unit 140 having three linear magnetic sensors M1,
M2, and M3. In this case, the three linear magnetic sensors M1, M2, and M3 may be a predetermined distance from
each other. For example, the detector detecting unit 140 includes the above-described first linear magnetic sensor M1
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and second linear magnetic sensor M2, and may include another linear magnetic sensor M3 that is separated from the
first linear magnetic sensor M1 and the second linear magnetic sensor M2. In this case, another linear magnetic sensor
M3 may be called a third linear magnetic sensor. When the plurality of X-ray detectors 100 are provided, all of the X-
ray detectors 100 include the same number of linear magnetic sensors M1 and M2 at the same positions.
[0153] The X-ray detector 100 may be divided into a plurality of virtual regions such that the first linear magnetic sensor
M1, the second linear magnetic sensor M2, and the third linear magnetic sensor M3 are separated. As exemplified in
FIG. 20A, the X-ray detector 100 is divided into four virtual regions, that is, A1, A2, A3, and A4. The first linear magnetic
sensor M1 may be included in the region A2. The second linear magnetic sensor M2 may be included in the region A3.
The third linear magnetic sensor M3 may be included in the region A4.
[0154] A1, A2, A3, and A4 may have the same shape and size or different shapes and sizes. Each of the table mounting
unit 310, the stand mounting unit 320, and the portable mounting unit 330 may be divided into four virtual regions to
correspond to shapes and sizes of A1, A2, A3, and A4. The table mounting unit 310 may be divided into four regions
B1, B2, B3, and B4. The stand mounting unit 320 may be divided into four regions C1, C2, C3, and C4. The portable
mounting unit 330 may be divided into E1, E2, E3, and E4.
[0155] The magnet may be mounted in the table mounting unit 310, the stand mounting unit 320, and the portable
mounting unit 330. The magnet of the table mounting unit 310, the magnet of the stand mounting unit 320, and the
magnet of the portable mounting unit 330 may be mounted in different regions. One of the magnet of the table mounting
unit 310, the magnet of the stand mounting unit 320, and the magnet of the portable mounting unit 330 may be provided
in a region or a position corresponding to the first linear magnetic sensor M1, another magnet may be provided in a
region or a position corresponding to the second linear magnetic sensor M2, and the other magnet may be provided in
a region or a position corresponding to the third linear magnetic sensor M3.
[0156] As exemplified in FIGS. 20B to 20D, the magnet of the table mounting unit 310 may be provided in the region
B2, the magnet of the stand mounting unit 320 may be provided in the region C3, and the magnet of the portable mounting
unit 330 may be provided in the region E4. The magnet of the table mounting unit 310 may be provided to correspond
to a position of the first linear magnetic sensor M1, the magnet of the stand mounting unit 320 may be provided to
correspond to a position of the second linear magnetic sensor M2, and the magnet of the portable mounting unit 330
may be provided to correspond to a position of the third linear magnetic sensor M3.
[0157] The magnet of the table mounting unit 310, the magnet of the stand mounting unit 320, and the magnet of the
portable mounting unit 330 may be aligned by the same polarity. The magnet of the table mounting unit 310, the magnet
of the stand mounting unit 320, and the magnet of the portable mounting unit 330 may be aligned by an S pole or an N pole.
[0158] Accordingly, the three linear magnetic sensors M1, M2, and M3 detect different magnetic fields according to a
mounting position of the X-ray detector 100. A magnetic field strength detected by the first linear magnetic sensor M1,
a magnetic field strength detected by the second linear magnetic sensor M2, and a magnetic field strength detected by
the third linear magnetic sensor M3 become different according to whether the X-ray detector 100 is mounted in the
table mounting unit 310, in the stand mounting unit 320, or in the portable mounting unit 330.
[0159] When the X-ray detector 100 is mounted in the table mounting unit 310, that is, when the X-ray detector 100
is implemented in a table type, the first linear magnetic sensor M1 detects a magnetic field strength that is relatively
greater than that of the second linear magnetic sensor M2 or the third linear magnetic sensor M3. When the X-ray
detector 100 is mounted in the stand mounting unit 320, that is, when the X-ray detector 100 is implemented in a stand
type, the second linear magnetic sensor M2 detects a magnetic field strength that is relatively greater than that of the
first linear magnetic sensor M1 or the third linear magnetic sensor M3. Also, when the X-ray detector 100 is mounted in
the portable mounting unit 330, that is, when the X-ray detector 100 is implemented in a portable type, the third linear
magnetic sensor M3 detects a magnetic field strength that is relatively greater than that of the first linear magnetic sensor
M1 or the second linear magnetic sensor M2.
[0160] Similarly, when the plurality of X-ray detectors 100 exemplified in FIG. 20 are provided, the linear magnetic
sensors M1, M2, and M3 of the X-ray detector 100 implemented in a table type, the linear magnetic sensors M1, M2,
and M3 of the X-ray detector 100 implemented in a stand type, or the linear magnetic sensors M1, M2, and M3 of the
X-ray detector 100 implemented in a portable type detect different magnetic fields.
[0161] FIGS. 21A, 21B, 21C, 21D and 21E ("FIG. 21") are diagrams illustrating still another example of the detector
detecting unit including the plurality of linear magnetic sensors.
[0162] As illustrated in FIG. 21, the X-ray detector 100 may include the detector detecting unit 140 including four linear
magnetic sensors M1, M2, M3, and M4. In this case, the four linear magnetic sensors M1, M2, M3, and M4 may be a
predetermined distance from each other. The four linear magnetic sensors M1, M2, M3, and M4 may be distinguished
as the first linear magnetic sensor M1, the second linear magnetic sensor M2, the third linear magnetic sensor M3, and
the fourth linear magnetic sensor M4.
[0163] The X-ray detector 100 may be divided into a plurality of virtual regions, for example, A1, A2, A3, and A4, such
that the first linear magnetic sensor M1, the second linear magnetic sensor M2, the third linear magnetic sensor M3,
and the fourth linear magnetic sensor M4 are separated.
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[0164] Each of the table mounting unit 310 and the stand mounting unit 320 may be divided into four virtual regions
to correspond to shapes and sizes of A1, A2, A3, and A4. The table mounting unit 310 may be divided into four regions
B1, B2, B3, and B4, and the stand mounting unit 320 may be divided into four regions C1, C2, C3, and C4.
[0165] The magnet may be mounted in the table mounting unit 310 and the stand mounting unit 320. Also, the magnet
of the table mounting unit 310 and the magnet of the stand mounting unit 320 may be mounted in different regions. As
exemplified in FIGS. 20B to 20C, the magnet of the table mounting unit 310 may be provided in the region B2, and the
magnet of the stand mounting unit 320 may be provided in the region C3. The magnet of the table mounting unit 310
may be provided to correspond to a position of the first linear magnetic sensor M1, and the magnet of the stand mounting
unit 320 may be provided to correspond to a position of the second linear magnetic sensor M2. Also, the magnet of the
table mounting unit 310 and the magnet of the stand mounting unit 320 may be aligned by the same polarity.
[0166] Accordingly, the four linear magnetic sensors M1, M2, M3, and M4 detect different magnetic fields according
to whether the X-ray detector 100 is mounted in the table mounting unit 310 or in the stand mounting unit 320. For
example, when the X-ray detector 100 is implemented in a table type, the first linear magnetic sensor M1 detects a
magnetic field strength that is relatively greater than that of the remaining sensors, that is, the second to fourth linear
magnetic sensors M2, M3, and M4. On the other hand, when the X-ray detector 100 is implemented in a stand type, the
second linear magnetic sensor M2 detects a magnetic field strength that is relatively greater than that of the remaining
sensors, that is, the first, third, and fourth linear magnetic sensors M1, M3, and M4.
[0167] Similarly, when the plurality of X-ray detectors 100 exemplified in FIG. 21 are provided, the linear magnetic
sensors M1, M2, M3, and M4 of the X-ray detector 100 implemented in a table type and the linear magnetic sensors
M1, M2, M3, and M4 of the X-ray detector 100 implemented in a stand type detect different magnetic fields.
[0168] FIGS. 22A, 22B, 22C, 22D, 22E, 22F and 22G ("FIG. 22") are diagrams illustrating still another example of the
detector detecting unit including the plurality of linear magnetic sensors. As illustrated in FIG. 22, the X-ray imaging
apparatus 1 may further include the portable mounting unit 330 in addition to the table mounting unit 310 and the stand
mounting unit 320.
[0169] The detector detecting unit 140 of the X-ray detector 100 is the same as in FIG. 21A. Also, four virtual regions
A1, A2, A3, and A4 of the X-ray detector 100, and four regions B1, B2, B3, and B4 of the table mounting unit 310 and
four regions C1, C2, C3, and C4 of the stand mounting unit 320, which are defined to correspond thereto, are the same
as those in FIG. 13. Similarly, the portable mounting unit 310 may be divided into four virtual regions to correspond to
shapes and sizes of A1, A2, A3, and A4. The four regions of the portable mounting unit 330 may be defined as E1, E2,
E3, and E4.
[0170] The magnet may be mounted in the table mounting unit 310, the stand mounting unit 320, and the portable
mounting unit 330. The magnet of the table mounting unit 310, the magnet of the stand mounting unit 320, and the
magnet of the portable mounting unit 330 may be mounted in different regions. For example, as illustrated in FIGS. 22B,
22C and 22D, the magnet of the table mounting unit 310 may be mounted in the region B2, the magnet of the stand
mounting unit 320 may be mounted in the region C3, and the magnet of the portable mounting unit 330 may be mounted
in the region E4. Also, all of the magnet of the table mounting unit 310, the magnet of the stand mounting unit 320, and
the magnet of the portable mounting unit 330 may be aligned by the same polarity.
[0171] Accordingly, the four linear magnetic sensors M1, M2, M3, and M4 detect different magnetic fields according
to whether the X-ray detector 100 is mounted in the table mounting unit 310, in the stand mounting unit 320, or in the
portable mounting unit 330. For example, when the X-ray detector 100 is implemented in a table type, the first linear
magnetic sensor M1 detects a magnetic field strength that is relatively greater than that of the remaining sensors, that
is, the second, third and fourth linear magnetic sensors M2, M3, and M4. When the X-ray detector 100 is implemented
in a stand type, the second linear magnetic sensor M2 detects a magnetic field strength that is relatively greater than
that of the remaining sensors, that is, the first, third, and fourth linear magnetic sensors M1, M3, and M4. Also, when
the X-ray detector 100 is implemented in a portable type, the fourth linear magnetic sensor M4 detects a magnetic field
strength that is relatively greater than that of the remaining sensors, that is, the first, second and third linear magnetic
sensors M1, M2, and M3.
[0172] Similarly, when the plurality of X-ray detectors 100 exemplified in FIG. 22 are provided, the linear magnetic
sensors M1, M2, M3, and M4 of the X-ray detector 100 implemented in a table type, the linear magnetic sensors M1,
M2, M3, and M4 of the X-ray detector 100 implemented in a stand type, or the linear magnetic sensors M1, M2, M3,
and M4 of the X-ray detector 100 implemented in a portable type detect different magnetic fields.
[0173] As described in FIGS.19A to 22G, the detector detecting unit 140 may include the plurality of linear magnetic
sensors M. In this case, the plurality of linear magnetic sensors M may also be grouped.
[0174] FIGS. 23A. 23B. 23C. 23D and 23E ("FIG. 23") are diagrams illustrating an example of a detector detecting
unit including grouped linear magnetic sensors. FIGS. 24A and 24B are diagrams illustrating a magnetic field detected
by the linear magnetic sensors of FIG. 23.
[0175] As illustrated in FIGS. 23A to 23E, the X-ray detector 100 includes the detector detecting unit 140 having a
plurality of linear magnetic sensors M11, M12, M13, M14, M21, M22, M23, and M24. The plurality of linear magnetic
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sensors M11, M12, M13, M14, M21, M22, M23, and M24 may be grouped as a plurality of sensor groups. The plurality
of linear magnetic sensors M11, M12, M13, M14, M21, M22, M23, and M24 may be grouped as a first sensor group and
a second sensor group. The first sensor group may include the four linear magnetic sensors M11, M12, M13, and M14,
and the second sensor group may include the remaining four linear magnetic sensors M21, M22, M23, and M24. While
the single X-ray detector 100 is exemplified in FIG. 23, the plurality of X-ray detectors 100 may also be provided. In this
case, all of the X-ray detectors 100 include the same sensor group at the same positions.
[0176] The X-ray detector 100 may be divided into a plurality of virtual regions such that the plurality of sensor groups
are separated. As exemplified in FIG. 19A, the X-ray detector 100 may be divided into four virtual regions, that is, A1,
A2, A3, and A4. A1, A2, A3, and A4 may have the same shape and size or different shapes and sizes. Each of the table
mounting unit 310 and the stand mounting unit 320 may be divided into four virtual regions to correspond to shapes and
sizes of A1, A2, A3, and A4. The table mounting unit 310 may be divided into four regions B1, B2, B3, and B4, and the
stand mounting unit 320 may be divided into four regions C1, C2, C3, and C4.
[0177] The magnet may be mounted in the table mounting unit 310 and the stand mounting unit 320. The magnet of
the table mounting unit 310 and the magnet of the stand mounting unit 320 may be mounted in different regions. One
of the magnet of the table mounting unit 310 and the magnet of the stand mounting unit 320 may be provided in a region
or a position corresponding to the first sensor group, and the other magnet may be provided in a region or a position
corresponding to the second sensor group. As exemplified in FIGS. 23B and 23C, the magnet of the table mounting unit
310 may be provided in the region B2, and the magnet of the stand mounting unit 320 may be provided in the region
C3. The magnet of the table mounting unit 310 may be provided to correspond to a center position of the first sensor
group, and the magnet of the stand mounting unit 320 may be provided to correspond to a center position of the second
sensor group.
[0178] The magnet of the table mounting unit 310 and the magnet of the stand mounting unit 320 may be aligned by
the same polarity. Each of the magnet of the table mounting unit 310 and the magnet of the stand mounting unit 320
may be aligned by an S pole or an N pole.
[0179] Accordingly, the first sensor group and the second sensor group detect different magnetic fields according to
a mounting position of the X-ray detector 100.
[0180] A magnetic field strength detected by the first sensor group and a magnetic field strength detected by the
second sensor group become different according to whether the X-ray detector 100 is mounted in the table mounting
unit 310 or in the stand mounting unit 320. When the X-ray detector 100 is mounted in the table mounting unit 310 as
in FIG. 23D, the first sensor group of M11, M12, M13, and M14 detects a magnetic field that is relatively greater than
that of the second sensor group of M21, M22, M23, and M24. On the other hand, when the X-ray detector 100 is mounted
in the stand mounting unit 320 as in FIG. 23E, the second sensor group of M21, M22, M23, and M24 detects a magnetic
field that is relatively greater than that of the first sensor group of M11, M12, M13, and M14.
[0181] Also, a magnetic field direction detected by the first sensor group and a magnetic field direction detected by
the second sensor group become different according to whether the X-ray detector 100 is mounted in the table mounting
unit 310 or in the stand mounting unit 320. When the X-ray detector 100 is mounted in the table mounting unit 310,
among the first sensor group, the sensor M11 detects (x, y, z) = (+, -, +), the sensor M12 detects (x, y, z) = (-, -, +), the
sensor M13 detects (x, y, z) = (+, +, +), and the sensor M14 detects (x, y, z) = (-, +, +), as illustrated in FIG. 24A. All
sensors M21, M22, M23, and M24 of the second sensor group detect (x, y, z) = (+, +, +). On the other hand, when the
X-ray detector 100 is mounted in the stand mounting unit 320, all sensors M11, M12, M13, and M14 of the first sensor
group detect (x, y, z) = (-, -,+), and among the second sensor group, the sensor M21 detects (x, y, z) = (+, -, +), the
sensor M22 detects (x, y, z) = (-, -, +), the sensor M23 detects (x, y, z) = (+, +, +), and the sensor M24 detects (x, y, z)
= (-, +, +), as illustrated in FIG. 24B.
[0182] Similarly, when the plurality of X-ray detectors 100 exemplified in FIG. 23 are provided, the plurality of sensor
groups of the X-ray detector 100 implemented in a table type and the plurality of sensor groups of the X-ray detector
100 implemented in a stand type detect different magnetic field directions and different magnetic field strengths.
[0183] The control unit 250 to be described may determine a mounting position of the X-ray detector 100 using a
magnetic field direction or a magnetic field strength detected by the plurality of sensor groups in this manner. When the
X-ray detector 100 is mounted, a sensor value of each sensor group may be stored in the detector storage unit 170
temporarily or non-temporarily.
[0184] FIGS. 25A, 25B, 25C, 25D, 25E, 25F and 25G ("FIG. 25") are diagrams illustrating another example of the
detector detecting unit including the grouped linear magnetic sensors. FIGS. 26A to 26C are diagrams illustrating a
magnetic field detected by the linear magnetic sensor of FIG. 25.
[0185] As illustrated in FIG. 25, the X-ray imaging apparatus 1 may further include the portable mounting unit 330 in
addition to the table mounting unit 310 and the stand mounting unit 320.
[0186] The detector detecting unit 140 of the X-ray detector 100 includes the plurality of linear magnetic sensors M11,
M12, M13, M14, M21, M22, M23, and M24 as illustrated in FIG. 23A. The plurality of linear magnetic sensors M11, M12,
M13, M14, M21, M22, M23, and M24 may be grouped as a first sensor group of Mil, M12, M13, and M14 and a second
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sensor group of M21, M22, M23, and M24.
[0187] Also, four virtual regions A1, A2, A3, and A4 of the X-ray detector 100, and four regions B1, B2, B3, and B4 of
the table mounting unit 310 and four regions C1, C2, C3, and C4 of the stand mounting unit 320, which are defined to
correspond thereto, are the same as those in FIG. 23. Similarly, the portable mounting unit 310 may be divided into four
virtual regions to correspond to shapes and sizes of A1, A2, A3, and A4, and the four regions of the portable mounting
unit 330 may be defined as E1, E2, E3, and E4.
[0188] The magnet may be mounted in the table mounting unit 310, the stand mounting unit 320, and the portable
mounting unit 330. The magnet of the table mounting unit 310, the magnet of the stand mounting unit 320, and the
magnet of the portable mounting unit 330 may be mounted in different regions or different positions. As exemplified in
FIGS. 25B, 25C and 25D, the magnet of the table mounting unit 310 may be provided in the region B2, the magnet of
the stand mounting unit 320 may be provided in the region C3, and the magnet of the portable mounting unit 330 may
be provided in the region E3. The magnet of the table mounting unit 310 may be provided to correspond to a center
position of the first sensor group, the magnet of the stand mounting unit 320 may be provided to correspond to a center
position of the second sensor group, and the magnet of the portable mounting unit 330 may be provided below the
second sensor group. In this case, each of the magnet of the table mounting unit 310, the magnet of the stand mounting
unit 320, and the magnet of the portable mounting unit 330 may be aligned by the same polarity.
[0189] Accordingly, the first sensor group and the second sensor group detect different magnetic fields according to
a mounting position of the X-ray detector 100.
[0190] A magnetic field strength detected by the first sensor group and a magnetic field strength detected by the
second sensor group become different according to whether the X-ray detector 100 is mounted in the table mounting
unit 310, in the stand mounting unit 320, or in the portable mounting unit 330. When the X-ray detector 100 is mounted
in the table mounting unit 310 as in FIG. 25E, the first sensor group of M11, M12, M13, and M14 detects a magnetic
field that is relatively greater than that of the second sensor group of M21, M22, M23, and M24. When the X-ray detector
100 is mounted in the stand mounting unit 320 or in the portable mounting unit 330 as in FIG. 25F or 25G, the second
sensor group of M21, M22, M23, and M24 detects a magnetic field that is relatively greater than that of the first sensor
group of M11, M12, M13, and M14.
[0191] Also, a magnetic field direction detected by the first sensor group and a magnetic field direction detected by
the second sensor group become different according to whether the X-ray detector 100 is mounted in the table mounting
unit 310, in the stand mounting unit 320, or in the portable mounting unit 330. When the X-ray detector 100 is mounted
in the table mounting unit 310, among the first sensor group, the sensor M11 detects (x, y, z) = (+, -, +), the sensor M12
detects (x, y, z) = (-, -, +), the sensor M13 detects (x, y, z) = (+, +, +), and the sensor M14 detects (x, y, z) = (-, +, +),
and all sensors M21, M22, M23, and M24 of the second sensor group detect (x, y, z) = (+, +, +), as illustrated in FIG.
26A. When the X-ray detector 100 is mounted in the stand mounting unit 320, all sensors M11, M12, M13, and M14 of
the first sensor group detect (x, y, z) = (-, -, +), and among the second sensor group, the sensor M21 detects (x, y, z) =
(+, -, +), the sensor M22 detects (x, y, z) = (-, -, +), the sensor M23 detects (x, y, z) = (+, +, +), and the sensor M24
detects (x, y, z) = (-, +, +), as illustrated in FIG. 26B. When the X-ray detector 100 is mounted in the portable mounting
unit 330, all sensors M11, M12, M13, and M14 of the first sensor group detect (x, y, z) = (-, -, +), and among the second
sensor group, the sensor M21 detects (x, y, z) = (+, +, +), the sensor M22 detects (x, y, z) = (-, -, +), the sensor M23
detects (x, y, z) = (+, +, +), and the sensor M24 detects (x, y, z) = (-, -, +), as illustrated in FIG. 26C.
[0192] Similarly, when the plurality of X-ray detectors 100 exemplified in FIG. 25 are provided, the plurality of sensor
groups of the X-ray detector 100 implemented in a table type, the plurality of sensor groups of the X-ray detector 100
implemented in a stand type, or the plurality of sensor groups of the X-ray detector 100 implemented in a portable type
detect different magnetic field directions and different magnetic field strengths.
[0193] FIGS. 27A, 27B, 27C, 27D and 27E ("FIG. 27") are diagrams illustrating still another example of the detector
detecting unit including the grouped linear magnetic sensors. FIGS. 28A and 28B are diagrams illustrating a magnetic
field detected by the linear magnetic sensor of FIG. 27.
[0194] As illustrated in FIG. 27, the detector detecting unit 140 of the X-ray detector 100, and four virtual regions A1,
A2, A3, and A4 of the X-ray detector 100 are the same as those in FIG. 23A. Also, four regions B1, B2, B3, and B4 of
the table mounting unit 310 and four regions C1, C2, C3, and C4 of the stand mounting unit 320, which are defined to
correspond to the regions A1, A2, A3, and A4, are the same as those in FIG. 13.
[0195] The magnet may be mounted in the table mounting unit 310 and the stand mounting unit 320. The magnet of
the table mounting unit 310 and the magnet of the stand mounting unit 320 may be mounted in different regions. As
exemplified in FIGS. 27B and 27C, the magnet of the table mounting unit 310 may be provided in the region B2 and the
magnet of the stand mounting unit 320 may be provided in the region C3. The magnet of the table mounting unit 310
may be provided to be positioned at the right of the first sensor group, and the magnet of the stand mounting unit 320
may be provided to be positioned at the right of the second sensor group. Also, each of the magnet of the table mounting
unit 310 and the magnet of the stand mounting unit 320 may be aligned by the same polarity.
[0196] Accordingly, a magnetic field strength detected by the first sensor group and a magnetic field strength detected
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by the second sensor group become different according to a mounting position of the X-ray detector 100. When the X-
ray detector 100 is mounted in the table mounting unit 310 as in FIG. 27D, the first sensor group of M11, M12, M13,
and M14 may detect a magnetic field that is relatively greater than that of the second sensor group of M21, M22, M23,
and M24. On the other hand, when the X-ray detector 100 is mounted in the stand mounting unit 320 as in FIG. 27E,
the second sensor group of M21, M22, M23, and M24 may detect a magnetic field that is relatively greater than that of
the first sensor group of M11, M12, M13, and M14.
[0197] Also, a magnetic field direction detected by the first sensor group and a magnetic field direction detected by
the second sensor group become different according to a mounting position of the X-ray detector 100. When the X-ray
detector 100 is mounted in the table mounting unit 310, among the first sensor group, the sensor M11 detects (x, y, z)
= (+, -, +), the sensor M12 detects (x, y, z) = (+, -, +), the sensor M13 detects (x, y, z) = (+, +, +), and the sensor M14
detects (x, y, z) = (+, +, +), and all sensors M21, M22, M23, and M24 of the second sensor group detect (x, y, z) = (+,
+, +), as illustrated in FIG. 28A. On the other hand, when the X-ray detector 100 is mounted in the stand mounting unit
320, all sensors M11, M12, M13, and M14 of the first sensor group detect (x, y, z) = (-, -, +), and among the second
sensor group, the sensor M21 detects (x, y, z) = (+, -, +), the sensor M22 detects (x, y, z) = (+, -, +), the sensor M23
detects (x, y, z) = (+, +, +), and the sensor M24 detects (x, y, z) = (+, +, +), as illustrated in FIG. 28B.
[0198] Similarly, when the plurality of X-ray detectors 100 exemplified in FIG. 27 are provided, the plurality of sensor
groups of the X-ray detector 100 implemented in a table type and plurality of sensor groups of the X-ray detector 100
implemented in a stand type detect different magnetic field directions and different magnetic field strengths.
[0199] FIGS. 29A, 29B and 29C ("FIG. 29") are diagrams illustrating still another example of the detector detecting
unit including the grouped linear magnetic sensors.
[0200] The detector detecting unit 140 of the X-ray detector 100 includes a plurality of linear magnetic sensors M11,
M12, M13, M21, M22, and M23 as exemplified in FIG. 29A. The plurality of linear magnetic sensors M11, M12, M13,
M21, M22, and M23 may be grouped as a first sensor group of M11, M12, and M13 and a second sensor group of M21,
M22, and M23. Also, the detector detecting unit 140 of the X-ray detector 100 includes a plurality of linear magnetic
sensors M11, M12, M21, and M22 as exemplified in FIG. 29B. The plurality of linear magnetic sensors M11, M12, M21,
and M22 may be grouped as a first sensor group of M11 and M12 and a second sensor group of M21 and M22. That
is, the number of linear magnetic sensors of the detector detecting unit 140 and the number of linear magnetic sensors
of each sensor group may be different.
[0201] Also, the number of linear magnetic sensors of each sensor group may differ for each sensor group. As exem-
plified in FIG. 29C, the first sensor group may include the linear magnetic sensors M11, M12, M13, and M14, and the
second sensor group may include the linear magnetic sensors M21, M22, and M23.
[0202] FIGS. 30A, 30B and 30C ("FIG. 30") are diagrams illustrating an example of a detector detecting unit including
a non-linear magnetic sensor.
[0203] As illustrated in FIG. 30A, the X-ray detector 100 may include the detector detecting unit 140 having two
nonlinear magnetic sensors H1 and H2. In this case, the two nonlinear magnetic sensors H1 and H2 may be a prede-
termined distance from each other. While the single X-ray detector 100 is exemplified in FIG. 30, the plurality of X-ray
detectors 100 may be provided. In this case, all of the X-ray detectors 100 may include the same number of nonlinear
magnetic sensors H1 and H2 at the same positions.
[0204] The two nonlinear magnetic sensors may be distinguished as the first nonlinear magnetic sensor H1 and the
second nonlinear magnetic sensor H2. The X-ray detector 100 may be divided into a plurality of virtual regions, for
example, regions A1, A2, A3, and A4, such that the first nonlinear magnetic sensor H1 and the second nonlinear magnetic
sensor H2 are separated. A1, A2, A3, and A4 may have the same shape and size or different shapes and sizes. The
table mounting unit 310 may be divided into regions B1, B2, B3, and B4 and the stand mounting unit 320 may be divided
into regions C1, C2, C3, and C4 to correspond to shapes and sizes of A1, A2, A3, and A4.
[0205] The magnet may be mounted in the table mounting unit 310 and the stand mounting unit 320. The magnet of
the table mounting unit 310 and the magnet of the stand mounting unit 320 may be mounted in different regions. One
of the magnet of the table mounting unit 310 and the magnet of the stand mounting unit 320 may be provided in a region
or a position corresponding to the first nonlinear magnetic sensor H1, and the other magnet may be provided in a region
or a position corresponding to the second nonlinear magnetic sensor H2. As exemplified in FIGS. 30B and 30C, the
magnet of the table mounting unit 310 may be provided in the region B2, and the magnet of the stand mounting unit 320
may be provided in the region C3. The magnet of the table mounting unit 310 may be provided to correspond to a position
of the first nonlinear magnetic sensor HI, and the magnet of the stand mounting unit 320 may be provided to correspond
to a position of the second nonlinear magnetic sensor H2.
[0206] The magnet of the table mounting unit 310 and the magnet of the stand mounting unit 320 may be aligned by
the same polarity. Each of the magnet of the table mounting unit 310 and the magnet of the stand mounting unit 320
may be aligned by an S pole or an N pole.
[0207] Accordingly, the nonlinear magnetic sensors H1 and H2 detect different magnetic fields according to a mounting
position of the X-ray detector 100. The first nonlinear magnetic sensor H1 and the second nonlinear magnetic sensor
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H2 output on or off according to whether the X-ray detector 100 is mounted in the table mounting unit 310 or in the stand
mounting unit 320. When the X-ray detector 100 is mounted in the table mounting unit 310, the first nonlinear magnetic
sensor H1 detecting a magnetic field of a threshold value or greater outputs on, and the second nonlinear magnetic
sensor H2 outputs off. On the other hand, when the X-ray detector 100 is mounted in the stand mounting unit 320, the
second nonlinear magnetic sensor H2 detecting a magnetic field of a threshold value or greater outputs on, and the first
nonlinear magnetic sensor outputs off.
[0208] Similarly, when the plurality of X-ray detectors 100 exemplified in FIG. 30 are provided, the nonlinear magnetic
sensors H1 and H2 of the X-ray detector 100 implemented in a table type and the nonlinear magnetic sensors H1 and
H2 of the X-ray detector 100 implemented in a stand type detect different magnetic fields.
[0209] The control unit 250 to be described may determine a mounting position of the X-ray detector 100 using the
magnetic field detected by the nonlinear magnetic sensors H1 and H2 in this manner. When the X-ray detector 100 is
mounted, sensor values of the nonlinear magnetic sensors H1 and H2 may be stored in the detector storage unit 170
temporarily or non-temporarily. Also, FIG. 30 exemplifies only a configuration of the nonlinear magnetic sensor, and the
number of nonlinear magnetic sensors or a position thereof is not limited thereto.
[0210] FIGS. 31A, 31B, 31C and 31D ("FIG. 31") are diagrams illustrating another example of the detector detecting
unit including the non-linear magnetic sensor. As illustrated in FIG. 31, the X-ray imaging apparatus 1 may further include
the portable mounting unit 330 in addition to the table mounting unit 310 and the stand mounting unit 320.
[0211] The X-ray detector 100 may include the detector detecting unit 140 including three nonlinear magnetic sensors
H1, H2, and H3. In this case, the three nonlinear magnetic sensors H1, H2, and H3 may be a predetermined distance
from each other. For example, the detector detecting unit 140 includes the above-described first nonlinear magnetic
sensor H1 and second linear magnetic sensor H2, and may include another nonlinear magnetic sensor H3 that is
separated from the first nonlinear magnetic sensor H1 and the second linear magnetic sensor H2. In this case, the
nonlinear magnetic sensor H3 may be called a third nonlinear magnetic sensor. When the plurality of X-ray detectors
100 are provided, all of the X-ray detectors 100 may have the same number of nonlinear magnetic sensors H1, H2, and
H3 at the same positions.
[0212] The X-ray detector 100 may be divided into a plurality of virtual regions, for example, regions A1, A2, A3, and
A4, such that the first nonlinear magnetic sensor H1, the second nonlinear magnetic sensor H2, and the third nonlinear
magnetic sensor H3 are separated. A1, A2, A3, and A4 may have the same shape and size or different shapes and
sizes. The table mounting unit 310 may be divided into regions B1, B2, B3, and B4, the stand mounting unit 320 may
be divided into regions C1, C2, C3, and C4, and the portable mounting unit 330 may be divided into regions E1, E2, E3,
and E4 to correspond to shapes and sizes of A1, A2, A3, and A4.
[0213] The magnet may be mounted in the table mounting unit 310, the stand mounting unit 320, and the portable
mounting unit 330. The magnet of the table mounting unit 310, the magnet of the stand mounting unit 320, and the
magnet of the portable mounting unit 330 may be mounted in different regions. As exemplified in FIGS. 31B , 31c and
31D, the magnet of the table mounting unit 310 may be provided in the region B2, the magnet of the stand mounting
unit 320 may be provided in the region C3, and the magnet of the portable mounting unit 330 may be provided in the
region E4. The magnet of the table mounting unit 310 may be provided to correspond to a position of the first nonlinear
magnetic sensor H1, the magnet of the stand mounting unit 320 may be provided to correspond to a position of the
second nonlinear magnetic sensor H2, and the magnet of the portable mounting unit 330 may be provided to correspond
to a position of the third nonlinear magnetic sensor H3. Also, each of the magnet of the table mounting unit 310, the
magnet of the stand mounting unit 320, and the magnet of the portable mounting unit 330 may be aligned by the same
polarity.
[0214] Accordingly, the three nonlinear magnetic sensors H1, H2, and H3 detect different magnetic fields according
to a mounting position of the X-ray detector 100. The first nonlinear magnetic sensor H1, the second nonlinear magnetic
sensor H2, and the third nonlinear magnetic sensor H3 output on or off according to whether the X-ray detector 100 is
mounted in the table mounting unit 310, in the stand mounting unit 320, or in the portable mounting unit 330.
[0215] When the X-ray detector 100 is mounted in the table mounting unit 310, the first nonlinear magnetic sensor H1
detecting a magnetic field of a threshold value or greater outputs on, and the second nonlinear magnetic sensor H2 and
the third nonlinear magnetic sensor H3 output off. When the X-ray detector 100 is mounted in the stand mounting unit
320, the second nonlinear magnetic sensor H2 detecting a magnetic field of a threshold value or greater outputs on,
and the first nonlinear magnetic sensor H1 and the third nonlinear magnetic sensor H3 output off. Also, when the X-ray
detector 100 is mounted in the portable mounting unit 330, the third nonlinear magnetic sensor H3 detecting a magnetic
field of a threshold value or greater outputs on, and the first nonlinear magnetic sensor H1 and the second nonlinear
magnetic sensor H2 output off.
[0216] Similarly, when the plurality of X-ray detectors 100 exemplified in FIG. 31 are provided, the nonlinear magnetic
sensors H1, H2, and H3 of the X-ray detector 100 implemented in a table type, the nonlinear magnetic sensors H1, H2,
and H3 of the X-ray detector 100 implemented in a stand type, or the nonlinear magnetic sensors H1, H2, and H3 of the
X-ray detector 100 implemented in a portable type detect different magnetic fields.
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[0217] FIG. 32 is a diagram illustrating an example of a detector detecting unit including a tilt sensor. The X-ray detector
100 may include the detector detecting unit 140 having a tilt sensor G. While a configuration of the single tilt sensor G
is exemplified in FIG. 32, the number of tilt sensors G or a position thereof is not limited thereto, as long as a tilt or a
degree of a tilt of the X-ray detector 100 may be detected. Also, while the single X-ray detector 100 is exemplified in
FIG. 32, the plurality of X-ray detectors 100 may be provided. In this case, all of the X-ray detectors 100 include the
detector detecting unit 140 having the same configuration.
[0218] As described in FIG. 4, the X-ray detector 100 is mounted in the table mounting unit 310 in parallel with the
bottom surface. Accordingly, when the X-ray detector 100 is mounted in the table mounting unit 310, the tilt sensor G
detects a horizontal state or detects a tilt about 0°.
[0219] As described in FIGS. 5A and 5B, the stand mounting unit 320 may rotate in the seventh direction D7. Accord-
ingly, when the X-ray detector 100 is mounted in the stand mounting unit 320, the X-ray detector 100 may be mounted
perpendicular to the bottom surface or mounted in parallel with the bottom surface. That is, when the X-ray detector 100
is mounted in the stand mounting unit 320, the tilt sensor G may detect a horizontal state (or may detect a tilt of about
90°), and may also detect a vertical state (or may detect a tilt of about 0°).
[0220] The control unit 250 to be described may determine a mounting position of the X-ray detector 100 using a tilt
detected by the tilt sensor 252 in this manner. When the X-ray detector 100 is mounted, a sensor value of the tilt sensor
G may be stored in the detector storage unit 170 temporarily or non-temporarily.
[0221] While the detector detecting unit 140 including sensors of the same type has been exemplified above, the
detector detecting unit 140 may include a combination of sensors of different types.
[0222] FIGS. 33A, 33B and 33C ("FIG. 33") are diagrams illustrating an example of a detector detecting unit including
a linear magnetic sensor and a tilt sensor.
[0223] As illustrated in FIG. 33, the X-ray detector 100 may include the detector detecting unit 140 having a combination
of two linear magnetic sensors M1 and M2 and a tilt sensor G. In this case, the two linear magnetic sensors M1 and M2
may be the same as the first linear magnetic sensor M1 and the second linear magnetic sensor M2 as described in FIG.
19. Also, the magnet may be mounted in the table mounting unit 310 and the stand mounting unit 320. For example,
the magnet of the table mounting unit 310 may be mounted to correspond to a position of the first linear magnetic sensor
M1, and the magnet of the stand mounting unit 320 may be mounted to correspond to a position of the second linear
magnetic sensor M2. The magnet of the table mounting unit 310 and the magnet of the stand mounting unit 320 may
be aligned by the same polarity, for example, an S pole.
[0224] Accordingly, the detector detecting unit 140 detects a tilt through the tilt sensor G or detects a magnetic field
through linear magnetic sensors M1 and M2. For example, when the X-ray detector 100 is mounted in the table mounting
unit 310, the tilt sensor G detects a horizontal state or detects a tilt of about 0°. Also, the first linear magnetic sensor M1
detects a magnetic field strength that is relatively greater than that of the second linear magnetic sensor M2. When the
X-ray detector 100 is mounted in the stand mounting unit 320, the tilt sensor G may detect a horizontal state (or may
detect a tilt of about 90°), and may also detect a vertical state (or may detect a tilt of about 0°). However, the second
linear magnetic sensor M2 detects a magnetic field strength that is relatively greater than that of the first linear magnetic
sensor M1. When the X-ray detector 100 is not mounted but implemented in a portable type, the first linear magnetic
sensor M1 and the second linear magnetic sensor M2 do not detect a magnetic field. However, the tilt sensor G detects
a predetermined tilt.
[0225] The control unit 250 to be described may determine a mounting position of the X-ray detector 100 using sensor
values of the linear magnetic sensors M1 and M2 and the tilt sensor G in this manner. When the X-ray detector 100 is
mounted, the sensor values of the linear magnetic sensors M1 and M2 and the tilt sensor G may be stored in the detector
storage unit 170 temporarily or non-temporarily.
[0226] FIG. 33 is only an example of the detector detecting unit 140 including the linear magnetic sensor and the tilt
sensor. The number of linear magnetic sensors or a position thereof, or the number of tilt sensors or a position thereof
is not limited thereto. Also, when the plurality of X-ray detectors 100 are provided, all of the X-ray detectors 100 include
the detector detecting unit 140 having the same configuration, that is, the detector detecting unit 140 including the linear
magnetic sensor and the tilt sensor. In this case, the number of linear magnetic sensors and a position thereof may be
the same.
[0227] FIGS. 34A, 34B and 34C ("FIG. 34") are diagrams illustrating an example of a detector detecting unit including
a non-linear magnetic sensor and a tilt sensor.
[0228] As illustrated in FIG. 34, the X-ray detector 100 may include the detector detecting unit 140 having a combination
of two nonlinear magnetic sensors H1 and H2 and a tilt sensor G. In this case, the two nonlinear magnetic sensors H1
and H2 may be the same as the first nonlinear magnetic sensor H1 and the second nonlinear magnetic sensor H2
described in FIG. 30. Also, the magnet may be mounted in the table mounting unit 310 and the stand mounting unit 320.
For example, the magnet of the table mounting unit 310 may be mounted to correspond to a position of the first nonlinear
magnetic sensor H1, and the magnet of the stand mounting unit 320 may be mounted to correspond to a position of the
second nonlinear magnetic sensor H2. The magnet of the table mounting unit 310 and the magnet of the stand mounting
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unit 320 may be aligned by the same polarity, for example, an S pole.
[0229] Accordingly, the detector detecting unit 140 detects a tilt through the tilt sensor G or detects a magnetic field
through the nonlinear magnetic sensors H1 and H2. For example, when the X-ray detector 100 is mounted in the table
mounting unit 310, the tilt sensor G detects a horizontal state or detects a tilt of about 0°. Also, the first nonlinear magnetic
sensor H1 outputs on, and the second nonlinear magnetic sensor H2 outputs off. When the X-ray detector 100 is mounted
in the stand mounting unit 320, the tilt sensor G may detect a horizontal state (or may detect a tilt of about 90°), and
may also detect a vertical state (or may detect a tilt of about 0°). However, the second nonlinear magnetic sensor H2
outputs on, and the first nonlinear magnetic sensor H1 outputs off. When the X-ray detector 100 is not mounted but
implemented in a portable type, the first nonlinear magnetic sensor M1 and the second nonlinear magnetic sensor M2
do not detect a magnetic field, but output off. However, the tilt sensor G detects a predetermined tilt.
[0230] The control unit 250 to be described may determine a mounting position of the X-ray detector 100 using sensor
values of the nonlinear magnetic sensors H1 and H2 and the tilt sensor G in this manner. When the X-ray detector 100
is mounted, the sensor values of the nonlinear magnetic sensors H1 and H2 and the tilt sensor G may be stored in the
detector storage unit 170 temporarily or non-temporarily.
[0231] FIG. 34 is only an example of the detector detecting unit 140 including the nonlinear magnetic sensor and the
tilt sensor. The number of nonlinear magnetic sensors or a position thereof, or the number of tilt sensors or a position
thereof is not limited thereto. Also, when the plurality of X-ray detectors 100 are provided, the X-ray detector 100 includes
the detector detecting unit 140 having the same configuration, that is, the detector detecting unit 140 having the nonlinear
magnetic sensor and the tilt sensor. In this case, the number of nonlinear magnetic sensors and a position thereof may
be the same.
[0232] The detector storage unit 170 stores data and a program for operating the X-ray detector 100 temporarily or
non-temporarily.
[0233] When the X-ray detector 100 is mounted, the detector storage unit 170 may store a sensor value output from
the detector detecting unit 140. When the linear magnetic sensor M is included in the detector detecting unit 140, the
detector storage unit 170 may store a magnetic field output from the linear magnetic sensor M, that is, a magnetic field
direction or a magnetic field strength. When the nonlinear magnetic sensor H is included in the detector detecting unit
140, the detector storage unit 170 may store a magnetic field output from the nonlinear magnetic sensor H, that is, an
output of on or off of the nonlinear magnetic sensor. When the tilt sensor G is included in the detector detecting unit 140,
the detector storage unit 170 may store a tilt detected by the tilt sensor G.
[0234] The control unit 250 to be described may determine a position in which the X-ray detector 100 is mounted
based on the sensor value in this manner, that is, a mounting position of the X-ray detector 100. Accordingly, the sensor
value of the detector detecting unit 140 may be included in position information of the X-ray detector 100.
[0235] The detector storage unit 170 stores identification("ID") information assigned to the X-ray detector 100. When
the ID of the X-ray detector 100 is changed, the detector storage unit 170 stores the changed ID information. The control
unit 250 to be described may determine which X-ray detector 100 is mounted or an X-ray detector 100 and a mounting
position thereof based on the ID information. Detailed description thereof will be described below.
[0236] The detector storage unit 170 may include at least one type of a recording medium of a flash memory type,
hard disk type, multimedia card micro type, and card type memory (for example, an SD or XD memory), a random access
memory (RAM), a static random access memory (SRAM), a read-only memory (ROM), an electrically erasable program-
mable read-only memory (EEPROM), a programmable read-only memory (PROM), a magnetic memory, a magnetic
disk, and an optical disk, but the embodiments are not limited thereto. The detector storage unit 170 may be implemented
as any type known in the related art. Also, the X-ray detector 100 may operate a Web storage that performs a store
function in the Internet.
[0237] The detector communication unit 160 transmits and receives various types of signals and data with the work-
station 200 via wired and/or wireless communication. The detector communication unit 160 may transmit the sensor
value output from the detector detecting unit 140 to the workstation 200. The detector communication unit 160 may
receive ID information assigned to the X-ray detector 100 from the workstation 200. As described above, the assigned
ID may be changed. When the ID of the X-ray detector 100 is changed in the workstation 200, the detector communication
unit 160 may receive the changed ID information from the workstation 200.
[0238] For this purpose, the detector communication unit 160 may include various communication modules such as
a wireless Internet module, a short-range communication module, and a mobile communication module.
[0239] The wireless Internet module refers to a module that is connected to an external network according to a
communication protocol such as wireless LAN (WLAN), Wi-Fi, wireless broadband (Wibro), world interoperability for
microwave access (Wimax), and high speed downlink packet access (HSDPA) and performs communication.
[0240] The short-range communication module refers to a module configured to perform communication with an
external device located in a short-range according to a short-range communication method such as Bluetooth, radio
frequency identification (RFID), Infrared Data Association (IrDA), ultra wideband (UWB), and ZigBee.
[0241] The mobile communication module refers to a module that accesses a mobile communication network according



EP 3 524 155 A1

22

5

10

15

20

25

30

35

40

45

50

55

to various mobile communication standards such as 3rd generation (3G), 3rd generation partnership project (3GPP),
and Long Term Evolution (LTE) and performs communication.
[0242] However, the embodiments are not limited thereto, but the detector communication unit 160 may use other
types of communication modules other than the above-described modules, as long as it can communicate with the
workstation 200.
[0243] Referring again to FIG. 9, the workstation 200 may include the user interface unit 210, the communication unit
260, the control unit 250, and the storage unit 270.
[0244] The control unit 250 controls overall operations of the workstation 200. The control unit 250 may control each
component of the workstation 200, that is, the communication unit 260, the display unit 212, the storage unit 270, and
the like.
[0245] The control unit 250 may assign or change the ID of the X-ray detector 100. The control unit 250 receives ID
information and position information of the X-ray detector 100 from the X-ray detector 100, determines a mounting state
and a mounting position of the X-ray detector 100 based on the ID information and position information, and may identify
the mounted X-ray detector 100. In this case, the ID information includes the ID assigned to the X-ray detector 100, and
the position information may include the sensor value of the detector detecting unit 140.
[0246] The control unit 250 may be various types of processors including at least one chip having an integrated circuit
formed therein. The control unit 250 may be provided in a processor or separately provided in a plurality of processors.
[0247] FIG. 35 is a diagram illustrating a configuration of a control unit according to an embodiment. As illustrated in
FIG. 35, the control unit 250 may include an ID setting unit 251 and a position determining unit 252.
[0248] The ID setting unit 251 may set an ID according to usages. The ID setting unit 251 may set a table ID, a stand
ID, and a portable ID. The ID setting unit 251 may set the ID based on a user input through the user interface unit 210
and may also automatically set the ID according to a system. Here, the ID may include an Internet protocol (IP) address,
a media access control (MAC) address, and the like, but the embodiments are not limited thereto. The ID may include
any type as long as it can identify the X-ray detector 100.
[0249] The set ID, that is, the table ID, the stand ID, and the portable ID may be stored in the storage unit 270.
[0250] The ID setting unit 251 may assign the ID to the X-ray detector 100. When the plurality of X-ray detectors 100
are provided, the ID setting unit 251 may assign the ID to each of the plurality of X-ray detectors 100. The ID assigned
to the X-ray detector 100 may be stored in the storage unit 270.
[0251] The ID setting unit 251 may assign an ID based on the set ID after ID setting, or may set an ID based on the
assigned ID after ID assigning. Also, ID setting and ID assigning may be performed before the X-ray detector 100 is
mounted or after the X-ray detector 100 is mounted.
[0252] The ID setting unit 251 may keep or change the assigned ID according to a mounting position or an implemented
type. For example, when the stand ID is assigned to the X-ray detector 100 mounted in the table mounting unit 310, the
ID setting unit 251 changes the ID of the X-ray detector 100 to the table ID, and enables an object to be imaged in the
imaging table 10. Further detailed description of ID changing will be described below with description of the position
determining unit 252.
[0253] The position determining unit 252 may determine an X-ray detector 100 and a mounting position thereof based
on ID information of the X-ray detector 100 and position information of the X-ray detector 100. In this case, the ID
information includes the ID assigned to the X-ray detector 100, and the position information includes the sensor value
of the detector detecting unit 140.
[0254] The position determining unit 252 may determine a mounting state and a mounting position of the X-ray detector
100 based on the position information of the X-ray detector 100 or the sensor value transmitted from the X-ray detector 100.
[0255] When the linear magnetic sensor M is included in the detector detecting unit 140, the position determining unit
252 may determine a mounting position of the X-ray detector 100 using a magnetic field detected by the linear magnetic
sensor M. The position determining unit 252 may use either of or both a magnetic field direction and a magnetic field
strength detected by the linear magnetic sensor M. The sensor value of the linear magnetic sensor M according to a
mounting position may be stored in the storage unit 270 in advance. Here, the expression "in advance" refers to before
determination by the position determining unit 252. This expression is considered to have the same meaning hereinafter.
[0256] In the examples of FIGS. 13 and 14, the storage unit 270 may store the table of FIG. 14 in advance. Accordingly,
when the linear magnetic sensor M detects a magnetic field direction of (x, y, z) = (+, +, +), the position determining unit
252 determines that the X-ray detector 100 has been mounted in the table mounting unit 310. On the other hand, when
the linear magnetic sensor M detects a magnetic field direction as (x, y, z) = (-, -, +), the position determining unit 252
determines that the X-ray detector 100 has been mounted in the stand mounting unit 320.
[0257] In the examples of FIGS. 15 and 16, the storage unit 270 may store the table of FIG. 16 in advance. Accordingly,
when the linear magnetic sensor M detects a magnetic field direction as (x, y, z) = (+, +, +), the position determining unit
252 determines that the X-ray detector 100 has been mounted in the table mounting unit 310. When the linear magnetic
sensor M detects a magnetic field direction as (x, y, z) = (-, -, +), the position determining unit 252 determines that the
X-ray detector 100 has been mounted in the stand mounting unit 320. Also, when the linear magnetic sensor M detects
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a magnetic field direction as (x, y, z) = (+, -, +), the position determining unit 252 determines that the X-ray detector 100
has been mounted in the portable mounting unit 330.
[0258] In the example of FIG. 17, the storage unit 270 may store a sensor value of a table type as (x, y, z) = (+, +, +)
and a sensor value of a stand type as (x, y, z) = (-, -, +) in advance. Accordingly, when the linear magnetic sensor M
detects a magnetic field direction as (x, y, z) = (+, +, +), the position determining unit 252 determines that the X-ray
detector 100 has been mounted in the table mounting unit 310. On the other hand, when the linear magnetic sensor M
detects a magnetic field direction as (x, y, z) = (-, -, +), the position determining unit 252 determines that the X-ray
detector 100 has been mounted in the stand mounting unit 320.
[0259] In the example of FIG. 18, the storage unit 270 may store a sensor value of a table type as (x, y, z) = (+, +, +),
a sensor value of a stand type as (x, y, z) = (-, -, +), and a sensor value of a portable type as (x, y, z) = (+, -, +) in advance.
Accordingly, when the linear magnetic sensor M detects a magnetic field direction as (x, y, z) = (+, +, +), the position
determining unit 252 determines that the X-ray detector 100 has been mounted in the table mounting unit 310. When
the linear magnetic sensor M detects a magnetic field direction as (x, y, z) = (-, -, +), the position determining unit 252
determines that the X-ray detector 100 has been mounted in the stand mounting unit 320. Also, when the linear magnetic
sensor M detects a magnetic field direction as (x, y, z) = (+, -, +), the position determining unit 252 determines that the
X-ray detector 100 has been mounted in the portable mounting unit330.
[0260] The position determining unit 252 may also determine a mounting position of the X-ray detector 100 using a
relative strength of a magnetic field detected by the linear magnetic sensor M.
[0261] In the example of FIG. 19, when the first linear magnetic sensor M1 detects a magnetic field strength that is
relatively greater than that of the second linear magnetic sensor M2, the position determining unit 252 determines that
the X-ray detector 100 has been mounted in the table mounting unit 310. On the other hand, when the second linear
magnetic sensor M2 detects a magnetic field strength that is relatively greater than that of the first linear magnetic sensor
M1, the position determining unit 252 determines that the X-ray detector 100 has been mounted in the stand mounting
unit 320.
[0262] The position determining unit 252 may also determine a mounting position of the X-ray detector 100 using a
relative strength and an absolute strength of a magnetic field detected by the linear magnetic sensor M. The linear
magnetic sensor M may be affected by a factor forming the magnetic field in addition to the magnet of the mounting unit
300, that is, may be affected by an external magnetic field. Even when the X-ray detector 100 is not mounted in the table
mounting unit 310 in FIG. 19, the first linear magnetic sensor M1 may detect a magnetic field that is relatively greater
than that of the second linear magnetic sensor M2 due to the external magnetic field.
[0263] In order to remove an influence of the external magnetic field, the position determining unit 252 may determine
a mounting position of the X-ray detector 100 by considering the absolute strength instead of comparing only a relative
strength of a magnetic field. In the above-described example, even if the first linear magnetic sensor M1 detects a
relatively greater magnetic field, only when the first linear magnetic sensor M1 detects a magnetic field of a predetermined
threshold value or greater, the position determining unit 252 determines that the X-ray detector 100 has been mounted
in the table mounting unit 310. In this case, setting of the threshold value and a resulting determining method of the
position determining unit 252 will be described with reference to FIGS. 36A , 36B, 36C and 37.
[0264] FIGS. 36A to FIG. 36C are graphs illustrating an exemplary magnetic field strength detected by the linear
magnetic sensor in three mutually orthogonal directions. Here, the three mutually orthogonal directions refer to x axis,
y axis, and z axis directions set based on the linear magnetic sensor M. With respect to the linear magnetic sensor M,
two axes, that is, an x axis and a y axis, that are perpendicular may be defined on a plane of the X-ray detector 100,
and a z axis perpendicular the two axes may be defined.
[0265] FIG. 36A shows a measured value of a magnetic field strength detected by the linear magnetic sensor M while
the magnet or the linear magnetic sensor M moves along only the x axis. FIG. 36B shows a measured value of a magnetic
field strength detected by the linear magnetic sensor M while the magnet or the linear magnetic sensor M moves along
only the y axis. Similarly, FIG. 36C shows a measured value of a magnetic field strength detected by the linear magnetic
sensor M while the magnet or the linear magnetic sensor M moves along only the z axis.
[0266] A horizontal axis of the graph represents a distance between the linear magnetic sensor M and the magnet. A
vertical axis of the graph represents a relative value of a magnetic field strength. Accordingly, when the linear magnetic
sensor M and the magnet are provided in positions that correspond to each other, a magnetic field strength measured
in each direction is 100%.
[0267] As illustrated in FIGS. 36A to 36C, a magnetic field strength detected by the linear magnetic sensor M is
inversely proportional to a distance from the magnet. As the magnet becomes further from the linear magnetic sensor
M in a positive direction or a negative direction of the x axis, a magnetic field strength detected by the linear magnetic
sensor M decreases. In particular, the magnetic field strength is significantly changed at a reference distance of 2 cm.
Similarly, as the magnet becomes further from the linear magnetic sensor M in a positive direction or a negative direction
of the y axis, a magnetic field strength detected by the linear magnetic sensor M decreases. The magnetic field strength
is significantly changed at a reference distance of 2 cm. Also, a magnetic field strength detected by the linear magnetic
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sensor M decreases as the magnet becomes further in a positive direction of the z axis. The magnetic field strength is
significantly changed at a reference distance of 1.5 cm.
[0268] Accordingly, a threshold value for determining a mounting position of the X-ray detector 100 may be set using
a reference distance in each direction. For example, a magnetic field strength W1 corresponding to about 2 cm is defined
as an x axis reference value in FIG. 36A, a magnetic field strength W2 corresponding to 2 cm is defined as a y axis
reference value in FIG. 36B, and a magnetic field strength W3 corresponding to 1.5 cm is defined as a z axis reference
value in FIG. 36C. A total reference value W may be set as a sum of the reference value in each direction. Here, the x
axis reference value W1, the y axis reference value W2, the z axis reference value W3, and the total reference value W
may be converted into a magnetic field unit (AT/m). That is, the total reference value W = W1+W2+W3 is set, and the
total reference value W becomes a threshold value for determining a mounting position of the X-ray detector 100.
[0269] The threshold value may be adjusted according to the number of linear magnetic sensors M provided in the X-
ray detector 100 or a distance thereof. Conversely, the number of linear magnetic sensors M provided in the X-ray
detector 100 or a distance thereof may be changed according to the threshold value.
[0270] For example, in FIG. 19, the threshold value may be set or adjusted in advance such that, when the X-ray
detector 100 is mounted in the table mounting unit 310, only the first linear magnetic sensor M1 detects a magnetic field
of a threshold value or greater, and when the X-ray detector 100 is mounted in the stand mounting unit 320, only the
second linear magnetic sensor M2 detects a magnetic field of a threshold value or greater. Also, a distance between
the first linear detect sensor M1 and the second linear detect sensor M2 may be set or adjusted in advance such that,
when the X-ray detector 100 is mounted in the table mounting unit 310, only the first linear magnetic sensor M1 detects
a magnetic field of a threshold value or greater, and when the X-ray detector 100 is mounted in the stand mounting unit
320, only the second linear magnetic sensor M2 detects a magnetic field of a threshold value or greater.
[0271] Accordingly, the position determining unit 252 may determine a mounting position of the X-ray detector 100 by
comparing a magnetic field strength detected by the linear magnetic sensor M with the threshold value. The position
determining unit 252 may determine a mounting position of the X-ray detector 100 from a position of a sensor detecting
a magnetic field of a threshold value or greater.
[0272] In the example of FIG. 19 or 21, when the first linear magnetic sensor M1 detects a magnetic field of a threshold
value or greater, the position determining unit 252 determines that the X-ray detector 100 has been mounted in the table
mounting unit 310, and when the second linear magnetic sensor M2 detects a magnetic field of a threshold value or
greater, the position determining unit 252 may determine that the X-ray detector 100 has been mounted in the stand
mounting unit 320.
[0273] In the example of FIG. 20, when the first linear magnetic sensor M1 detects a magnetic field of a threshold
value or greater, the position determining unit 252 determines that the X-ray detector 100 has been mounted in the table
mounting unit 310, and when the second linear magnetic sensor M2 detects a magnetic field of a threshold value or
greater, the position determining unit 252 may determine that the X-ray detector 100 has been mounted in the stand
mounting unit 320. Also, when the third linear magnetic sensor M3 detects a magnetic field of a threshold value or
greater, the position determining unit 252 may determine that the X-ray detector 100 has been mounted in the portable
mounting unit 330.
[0274] In the example of FIG. 22, when the first linear magnetic sensor M1 detects a magnetic field of a threshold
value or greater, the position determining unit 252 determines that the X-ray detector 100 has been mounted in the table
mounting unit 310, and when the second linear magnetic sensor M2 detects a magnetic field of a threshold value or
greater, the position determining unit 252 may determine that the X-ray detector 100 has been mounted in the stand
mounting unit 320. Also, when the fourth linear magnetic sensor M4 detects a magnetic field of a threshold value or
greater, the position determining unit 252 may determine that the X-ray detector 100 has been mounted in the portable
mounting unit 330.
[0275] In the example of FIG. 23 or 27, when a sensor detecting a magnetic field of a threshold value or greater is
included in the first sensor group of M11, M12, M13, and M14, the position determining unit 252 determines that the X-
ray detector 100 has been mounted in the table mounting unit 310, and when a sensor detecting a magnetic field of a
threshold value or greater is included in the second sensor group of M21, M22, M23, and M24, the position determining
unit 252 may determine that the X-ray detector 100 has been mounted in the stand mounting unit 320.
[0276] A method of the position determining unit 252 determining a mounting position may differ according to adjustment
of the threshold value. For example, in FIG. 23, the threshold value may be adjusted such that, when all sensors of the
first sensor group of M11, M12, M13, and M14 detect a magnetic field of a threshold value or greater, it is determined
that the X-ray detector 100 has been mounted in the table mounting unit 310, and when all sensors of the second sensor
group of M21, M22, M23, and M24 detect a magnetic field of a threshold value or greater, it is determined that the X-
ray detector 100 has been mounted in the stand mounting unit 320.
[0277] The threshold value may also be adjusted according to a position of the magnet provided in the mounting unit
300. FIGS. 37A and 37B ("FIG. 37") are diagrams illustrating adjustment of a threshold value according to a position of
a magnet. FIG. 37A illustrates a state in which the X-ray detector 100 of FIG. 23 is mounted in the table mounting unit
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310. FIG. 37B illustrates a state in which a position of the magnet of the table mounting unit 310 is changed due to an
assembly tolerance and the like.
[0278] In FIG. 37A, the threshold value is set as a value corresponding to 70% such that, when all sensors of the first
sensor group of M11, M12, M13, and M14 detect a magnetic field of a threshold value or greater, it is determined that
the X-ray detector 100 has been mounted in the table mounting unit 310, and when all sensors of the second sensor
group of M21, M22, M23, and M24 detect a magnetic field of a threshold value or greater, it is determined that the X-
ray detector 100 has been mounted in the stand mounting unit 320.
[0279] In FIG. 37B, in order to retain a determining method that is the same as in FIG. 37A, the threshold value should
be adjusted. In FIG. 37A, since the first magnet keeps the same distance with respect to all sensors of the first sensor
group of M11, M12, M13, and M14, a magnetic field strength detected by each sensor becomes the same. On the other
hand, in FIG. 37B, the first magnet becomes further from the sensor M14 as the first magnet becomes closer to the
sensor M11. Therefore, a magnetic field strength detected by the sensor M14 becomes relatively smaller than that of
the sensors M11, M12, and M13. Accordingly, the threshold value should be adjusted to a value corresponding to 40%
based on the sensor M14 that is the furthest from the first magnet or detects the smallest magnetic field such that the
same determining method may be applied.
[0280] The threshold value for determining a mounting position of the X-ray detector 100 may be set or adjusted
through the user interface unit 210. Also, the set or adjusted threshold value may be stored in the storage unit 270 in
advance before determination of the position determining unit 252.
[0281] The position determining unit 252 may determine a mounting position of the X-ray detector 100 using both a
magnetic field direction and a magnetic field strength detected by the linear magnetic sensor M.
[0282] For example, in FIG. 23, when the first sensor group of M11, M12, M13, and M14 detects (x, y, z) = (+, -, +),
(x, y, z) = (-, -, +), (x, y, z) = (+, +, +), and (x, y, z) = (-, +, +) according to the order of the sensors, and the first sensor
group of M11, M12, M13, and M14 detects a magnetic field that is relatively greater than that of the second sensor group
of M21, M22, M23, and M24, the position determining unit 252 may determine that the X-ray detector 100 has been
mounted in the table mounting unit 310. On the other hand, when the second sensor group of M21, M22, M23, and M24
detects (x, y, z) = (+, -, +), (x, y, z) = (-, -, +), (x, y, z) = (+, +, +), and (x, y, z) = (-, +, +) according to the order of the
sensors and the second sensor group of M21, M22, M23, and M24 detects a magnetic field that is relatively greater than
that of the first sensor group of M11, M12, M13, and M14, the position determining unit 252 may determine that the X-
ray detector 100 has been mounted in the stand mounting unit 320.
[0283] Also, in FIG. 25, when the first sensor group of M11, M12, M13, and M14 detects (x, y, z) = (+, -, +), (x, y, z) =
(-, -, +), (x, y, z) = (+, +, +), and (x, y, z) = (-, +, +) according to the order of the sensors and the first sensor group of
M11, M12, M13, and M14 detects a magnetic field that is relatively greater than that of the second sensor group of M21,
M22, M23, and M24, the position determining unit 252 may determine that the X-ray detector 100 has been mounted in
the table mounting unit 310. When the second sensor group of M21, M22, M23, and M24 detects (x, y, z) = (+, -, +), (x,
y, z) = (-, -, +), (x, y, z) = (+, +, +), and (x, y, z) = (-, +, +) according to the order of the sensors and the second sensor
group of M21, M22, M23, and M24 detects a magnetic field that is relatively greater than that of the first sensor group
of M11, M12, M13, and M14, the position determining unit 252 may determine that the X-ray detector 100 has been
mounted in the stand mounting unit 320. Also, when the second sensor group of M21, M22, M23, and M24 detects (x,
y, z) = (+, +, +), (x, y, z) = (-, -, +), (x, y, z) = (+, +, +), and (x, y, z) = (-, -, +) according to the order of the sensors and
the second sensor group of M21, M22, M23, and M24 detects a magnetic field that is relatively greater than that of the
first sensor group of M11, M12, M13, and M14, the position determining unit 252 may determine that the X-ray detector
100 has been mounted in the portable mounting unit 330.
[0284] Even when both a magnetic field direction and a magnetic field strength are used, the position determining unit
252 may use an absolute strength of the magnetic field, that is, the threshold value.
[0285] For example, in FIG. 27, when the first sensor group of M11, M12, M13, and M14 detects (x, y, z) = (+, -, +),
(x, y, z) = (+, -, +), (x, y, z) = (+, +, +), and (x, y, z) = (+, +, +) according to the order of the sensors and a sensor included
in the first sensor group of M11, M12, M13, and M14 detects a magnetic field of a threshold value or greater, the position
determining unit 252 may determine that the X-ray detector 100 has been mounted in the table mounting unit 310. On
the other hand, when the second sensor group of M21, M22, M23, and M24 detects (x, y, z) = (+, -, +), (x, y, z) = (+, -,
+), (x, y, z) = (+, +, +), and (x, y, z) = (+, +, +) according to the order of the sensors and a sensor included in the second
sensor group of M21, M22, M23, and M24 detects a magnetic field of a threshold value or greater, the position determining
unit 252 may determine that the X-ray detector 100 has been mounted in the stand mounting unit 320.
[0286] When the nonlinear magnetic sensor H is included in the detector detecting unit 140, the position determining
unit 252 may determine a mounting position of the X-ray detector 100 based on an output of on or off of the nonlinear
magnetic sensor H. A sensor value of the nonlinear magnetic sensor H according to a mounting position may store in
the storage unit 270 in advance.
[0287] In the example of FIG. 30, when the first nonlinear magnetic sensor H1 outputs on and the second nonlinear
magnetic sensor H2 outputs off, the position determining unit 252 may determine that the X-ray detector 100 has been
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mounted in the table mounting unit 310. On the other hand, when the second nonlinear magnetic sensor H2 outputs on
and the first nonlinear magnetic sensor H1 outputs off, the position determining unit 252 may determine that the X-ray
detector 100 has been mounted in the stand mounting unit 320.
[0288] In the example of FIG. 31, when the first nonlinear magnetic sensor H1 outputs on and the second nonlinear
magnetic sensor H2 and the third nonlinear magnetic sensor H3 output off, the position determining unit 252 may
determine that the X-ray detector 100 has been mounted in the table mounting unit 310. When the second nonlinear
magnetic sensor H2 outputs on and the first nonlinear magnetic sensor H1 and the third nonlinear magnetic sensor H3
output off, the position determining unit 252 may determine that the X-ray detector 100 has been mounted in the stand
mounting unit 320. Also, when the third nonlinear magnetic sensor H3 outputs on and the first nonlinear magnetic sensor
H1 and the second nonlinear magnetic sensor H2 output off, the position determining unit 252 may determine that the
X-ray detector 100 has been mounted in the portable mounting unit 330.
[0289] When the tilt sensor G is included in the detector detecting unit 140, the position determining unit 252 may
determine a mounting position of the X-ray detector 100 using a tilt detected by the tilt sensor G. A sensor value of the
tilt sensor G according to a mounting position may be stored in the storage unit 270 in advance.
[0290] As described above, when the X-ray detector 100 is mounted in the table mounting unit 310, the X-ray detector
100 is mounted in parallel with the bottom surface. However, when the X-ray detector 100 is mounted in the stand
mounting unit 320, the X-ray detector 100 may be mounted perpendicular to the bottom surface or in parallel with the
bottom surface.
[0291] Accordingly, if the tilt sensor G detects a vertical state (or detects a tilt of about 0°) when the X-ray detector
100 is mounted, the position determining unit 252 determines that the X-ray detector 100 has been mounted in the stand
mounting unit 320. On the other hand, when the tilt sensor detects a horizontal state (or detects a tilt of about 90°), the
position determining unit 252 determines a mounting position of the X-ray detector 100 after a user input. The user may
input a mounting position of the X-ray detector 100 through the user interface unit 210 or the manipulation unit 80.
[0292] FIG. 38A is a front view of an exemplary user interface unit configured to receive a mounting position of the X-
ray detector.
[0293] When the tilt sensor G detects a horizontal state, the position determining unit 252 may output a control signal
for a user input to the user interface unit 210. The display unit 212 displays a popup window of "Is the X-ray detector
currently mounted in the imaging table?" according to the control signal. When the user selects "Yes" through the input
unit 211 or the display unit 212, the position determining unit 252 determines that the X-ray detector 100 has been
mounted in the table mounting unit 310, and when the user selects "No," the position determining unit 252 determines
that the X-ray detector 100 has been mounted in the stand mounting unit 320.
[0294] FIG. 38B is a front view of an exemplary manipulation unit configured to receive a mounting position of the X-
ray detector.
[0295] When the tilt sensor detects a horizontal state, the position determining unit 252 may output a control signal
for a user input to the manipulation unit 80. A display panel 81 displays a popup window of "Is the X-ray detector currently
mounted in the imaging table" according to the control signal. When the user selects "Yes" through the display panel
81 or the button 84, the position determining unit 252 determines that the X-ray detector 100 has been mounted in the
table mounting unit 310, and when the user selects "No," the position determining unit 252 determines that the X-ray
detector 100 has been mounted in the stand mounting unit 320.
[0296] In FIGS.38A or 38B, the user may also perform a selection through a terminal, a remote controller including
an interface, and the like in remote. Also, when a mounting position of the X-ray detector 100 is input by the user, position
information of the X-ray detector 100 may include a mounting position of the X-ray detector 100 input by the user.
[0297] When the detector detecting unit 140 includes a combination of sensors, for example, a combination of the
linear magnetic sensor M and the tilt sensor G, the position determining unit 252 may determine a mounting position of
the X-ray detector 100 using at least one of a magnetic field detected by the linear magnetic sensor M and a tilt detected
by the tilt sensor G. A sensor value of the linear magnetic sensor M and a sensor value of the tilt sensor G according to
a mounting position may be stored in the storage unit 270 in advance.
[0298] When a magnetic field detected by the linear magnetic sensor M and a tilt detected by the tilt sensor G are
simultaneously used, the position determining unit 252 may determine a mounting position of the X-ray detector 100
without the user input through the user interface unit 210 or the manipulation unit 80.
[0299] As an example, in FIG. 33, even if the tilt sensor G detects a horizontal state, when the second linear magnetic
sensor M2 detects a magnetic field that is relatively greater than that of the first linear magnetic sensor M1, the position
determining unit 252 may determine that the X-ray detector 100 has been mounted in the stand mounting unit 320.
[0300] As another example, even if the tilt sensor G detects a horizontal state, when the second linear magnetic sensor
M2 detects a magnetic field of a threshold value or greater, the position determining unit 252 may determine that the X-
ray detector 100 has been mounted in the stand mounting unit 320.
[0301] Also, when a magnetic field detected by the linear magnetic sensor M and a tilt detected by the tilt sensor G
are simultaneously used, the position determining unit 252 may determine whether the X-ray detector 100 is a portable
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type without providing the portable mounting unit 330. For example, both the first and second linear magnetic sensors
M1 and M2 do not detect a magnetic field or detect a magnetic field less than a threshold value. On the other hand,
when the tilt sensor G detects a predetermined tilt, the position determining unit 252 may determine that the X-ray
detector 100 is a portable type.
[0302] When it is determined that the X-ray detector 100 is a portable type, the position determining unit 252 may
determine a location of a desired imaging part using the tilt detected by the tilt sensor G.
[0303] FIG. 39 is a diagram illustrating determination of an imaging part. Since the portable type X-ray detector 100
is provided to move without being mounted in the imaging table 10 or the imaging stand 20, the portable type X-ray
detector 100 moves on the imaging table 10 at various angles, and enables a chest or a part lower than the chest of the
object to be imaged. When the part lower than the chest such as the abdomen, the pelvic region, and the lumbar region
is imaged, X-ray imaging is possible while the object is lying as shown on the right in FIG. 39. The X-ray detector 100
is horizontally placed on a back of the object and imaging is performed. On the other hand, when the chest is imaged,
X-ray imaging is performed while the object is in an upright state at a predetermined angle (θ) as on the left in FIG. 39
such that the heart of the object does not cover a lung. That is, imaging is performed while the X-ray detector 100 is
inclined behind the back of the object at the predetermined angle (θ).
[0304] Accordingly, when the tilt sensor G detects a horizontal state (or detects about 90°), the position determining
unit 252 determines that the part lower than the chest is imaged. When the tilt sensor G detects a non-horizontal state,
the position determining unit 252 may determine that the chest is imaged.
[0305] When the detector detecting unit 140 includes a combination of the nonlinear magnetic sensor H and the tilt
sensor G, the position determining unit 252 may determine a mounting position of the X-ray detector 100 using at least
one of an output of on or off of the nonlinear magnetic sensor H and a tilt detected by the tilt sensor G. A sensor value
of the nonlinear magnetic sensor H and a sensor value of the tilt sensor G according to a mounting position may be
stored in the storage unit 270 in advance.
[0306] When a magnetic field detected by the nonlinear magnetic sensor H and a tilt detected by the tilt sensor G are
simultaneously used, the position determining unit 252 may determine a mounting position of the X-ray detector 100
without the user input through the user interface unit 210 or the manipulation unit 80. In the example of FIG. 34, even
when the tilt sensor G detects a horizontal state, the second nonlinear magnetic sensor H2 outputs on, and when the
first nonlinear magnetic sensor H1 outputs off, the position determining unit 252 may determine that the X-ray detector
100 has been mounted in the stand mounting unit 320.
[0307] Also, when a magnetic field detected by the nonlinear magnetic sensor H and a tilt detected by the tilt sensor
G are simultaneously used, the position determining unit 252 may determine whether the X-ray detector 100 is a portable
type without providing the portable mounting unit 330. For example, when both the first and second nonlinear magnetic
sensors H1 and H2 output off, but the tilt sensor G detects a predetermined tilt, the position determining unit 252 may
determine that the X-ray detector 100 is a portable type. When it is determined that the X-ray detector 100 is a portable
type, the position determining unit 252 may determine a location of a desired imaging part using the tilt detected by the
tilt sensor G.
[0308] As described above, the position determining unit 252 may determine a mounting position of the X-ray detector
100 based on a sensor value of the detector detecting unit 140, that is, position information of the X-ray detector 100.
[0309] The position determining unit 252 may determine an X-ray detector 100 and a mounting position thereof using
position information of the X-ray detector 100 and ID information of the X-ray detector 100. The position determining
unit 252 may simultaneously receive the position information of the X-ray detector 100 and the ID information of the X-
ray detector 100 from the X-ray detector 100, and may determine an X-ray detector 100 and a mounting position thereof
using the simultaneously received position information and ID information in this manner. Details thereof will be described
with reference to FIGS. 40 and 41.
[0310] FIG. 40 is a diagram illustrating an example of a structure connecting the X-ray detector and a workstation.
[0311] As described above, the plurality of X-ray detectors 100 may be provided. Each of the X-ray detectors 100 may
be mounted in a different mounting unit or implemented in a different type.
[0312] As exemplified in FIG. 40, two X-ray detectors 100 are provided. One of the two X-ray detectors 100 may be
mounted in the table mounting unit 310 and implemented in a table type. The other detector may be mounted in the
stand mounting unit 320 and implemented in a stand type. Also, unlike the example of FIG. 40, three X-ray detectors
100 may be provided. One of the three X-ray detectors 100 may be implemented in a table type, another detector may
be implemented in a stand type, and the other detector may be implemented in a portable type. In this case, the portable
type X-ray detector 100 may be mounted in the portable mounting unit 330 and may also be provided without being
mounted in the mounting unit 300.
[0313] Each of the plurality of X-ray detectors 100 implemented in different types is connected to the workstation 200
via the wired or wireless network 400. For example as illustrated in FIG. 40, each of the table type X-ray detector 100
and the stand type X-ray detector 100 may be connected to the workstation 200 via the wired network 400 including a
cable and a network hub 410. The portable type X-ray detector 100 may be connected to the workstation 200 via the
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wireless network 400.
[0314] The communication unit 260 transmits a connection checking signal to each X-ray detector 100 according to
a control signal of the position determining unit 252. In this case, the connection checking signal refers to a signal that
requests to check whether the X-ray detector 100 is connected to the workstation, may include a packer Internet grouper
(ping) signal, but the signal is not limited thereto.
[0315] The communication unit 260 transmits the connection checking signal to each X-ray detector 100 periodically,
that is, at predetermined time intervals. When a response (ack) signal is received from at least one X-ray detector 100,
the position determining unit 252 determines that there is the table type, stand type, or portable type X-ray detector 100
connected to the workstation 200.
[0316] In the example of FIG. 40, the communication unit 260 receives a response signal from each of the table type
X-ray detector 100 and the stand type X-ray detector 100. When three X-ray detectors 100 implemented in a table type,
a stand type, and a portable type are provided, the communication unit 260 receives a response signal from each of the
table type X-ray detector 100, the stand type X-ray detector 100, and the portable type X-ray detector 100.
[0317] After the response signal is received, the communication unit 260 transmits an ID checking signal to each X-
ray detector 100 according to a control signal of the position determining unit 252. In this case, the ID checking signal
refers to a signal that requests to check whether which X-ray detector 100 is connected, that is, an inquiry of an ID.
[0318] The communication unit 260 receives ID information from the connected X-ray detector 100. At the same time,
the communication unit 260 receives position information from the connected X-ray detector 100. The position determining
unit 252 determines an X-ray detector 100 and a mounting position thereof based on the simultaneously received ID
information and position information. In this case, the ID information includes the ID assigned to the X-ray detector 100,
and the position information includes the sensor value of the detector detecting unit 140.
[0319] For detailed description thereof, the table ID set as ID1, the stand ID set as ID2, and the portable ID set as ID3
may be stored in the storage unit 270. In addition, FIG. 40 may exemplify a case in which ID2 is assigned as an ID of
the table type X-ray detector and stored in the detector storage unit 170, and ID3 is assigned as an ID of the stand type
X-ray detector and stored in the detector storage unit 170.
[0320] The position determining unit 252 determines that the X-ray detector 100 is mounted in the table mounting unit
310 from a sensor value output from the table type X-ray detector 100. The position determining unit 252 determines
that the stand ID is assigned to the X-ray detector 100 mounted in the table mounting unit 310 from ID information
received along with the sensor value, that is, ID2. That is, the position determining unit 252 may determine that the stand
X-ray detector is mounted in the table mounting unit 310.
[0321] The position determining unit 252 determines that the X-ray detector 100 is mounted in the stand mounting
unit 320 from a sensor value output from the stand type X-ray detector 100. The position determining unit 252 determines
that the portable ID is assigned to the X-ray detector 100 mounted in the stand mounting unit 320 from ID information
received along with the sensor value, that is, ID3. That is, the position determining unit 252 may determine that the
portable X-ray detector is mounted in the stand mounting unit 320.
[0322] The ID setting unit 251 keeps or changes the ID of the X-ray detector 100 according to a mounting position or
an implemented type based on determination of the position determining unit 252. In the above-described example, the
ID setting unit 251 may change the ID of the X-ray detector mounted in the table mounting unit 310 to the table ID, that
is, ID1, or change the ID of the X-ray detector mounted in the stand mounting unit 320 to the stand ID, that is, ID2. Such
ID changing may be performed based on the user input through the user interface unit 210 or automatically performed
according to a program stored in the storage unit 270.
[0323] Unlike the example of FIG. 40, when three X-ray detectors 100 implemented in a table type, a stand type, and
a portable type are provided, a case in which ID1 is assigned as an ID of the table type X-ray detector and stored in the
detector storage unit 170, ID3 is assigned as an ID of the stand type X-ray detector and stored in the detector storage
unit 170, and ID2 is assigned as an ID of the portable type X-ray detector may be exemplified.
[0324] In this case, the position determining unit 252 determines that the table ID is assigned to the X-ray detector
100 mounted in the table mounting unit 310 based on the sensor value output from the table type X-ray detector 100
and ID information, that is, ID1. That is, it may be determined that the table X-ray detector is mounted in the table
mounting unit 310. The position determining unit 252 determines that the portable ID is assigned to the X-ray detector
100 mounted in the stand mounting unit 320 based on the sensor value output from the stand type X-ray detector 100
and ID information, that is, ID3. That is, it may be determined that the portable X-ray detector is mounted in the stand
mounting unit 320. Also, the position determining unit 252 determines that the stand ID is assigned to the X-ray detector
100 that is portably provided based on the sensor value output from the portable type X-ray detector 100 and ID infor-
mation, that is, ID2. That is, it may be determined that the stand X-ray detector is portably provided.
[0325] The ID setting unit 251 may keep an ID of the X-ray detector mounted in the table mounting unit 310 as the
table ID, that is, ID1, based on determination of the position determining unit 252. Also, an ID of the X-ray detector
mounted in the stand mounting unit 320 may be changed to the stand ID, that is, ID2, or an ID of the X-ray detector that
is portably provided may be changed to the portable ID, that is, ID3.
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[0326] FIG. 41 is a diagram illustrating another example of the structure connecting the X-ray detector and the work-
station.
[0327] While a case in which the table type or stand type X-ray detector 100 is connected to the workstation 200
through the cable and the network hub 410 is exemplified in FIG. 40, a power box may be further included along a
connection path as illustrated in FIG. 41. Accordingly, the power box supplies power and enables the X-ray detector
100 and the workstation 200 to share information. In this case, the power box provided in the imaging table 10 is called
a first power box P1, and the power box provided in the imaging stand 20 is called a second power box P2.
[0328] Specifically, the table type X-ray detector 100 is combined with the first power box P1 or connected to the first
power box P1 through the cable. The first power box P1 is connected to a power supply device and may supply power
received from the power supply device to the table type X-ray detector 100. Also, the first power box P1 is connected
to the workstation 200 through the cable and the network hub 410. Accordingly, the first power box P1 may output various
command signals received from the workstation 200 to the table type X-ray detector 100 and output various types of
data received from the table type X-ray detector 100 to the workstation 200.
[0329] The stand type X-ray detector 100 is combined with the second power box P2 or connected to the second
power box P2 through the cable. The second power box P2 is connected to a power supply device and connected to
the workstation 200 through the cable and the network hub 410. Accordingly, the second power box P2 may supply
power received from the power supply device to the stand type X-ray detector 100. Also, the second power box P2 may
output various command signals received from the workstation 200 to the stand type X-ray detector 100 and output
various types of data received from the stand type X-ray detector 100 to the workstation 200.
[0330] FIG. 42 is a diagram illustrating a configuration of the control unit according to another embodiment. As illustrated
in FIG. 42, the control unit 250 may include an ID setting unit 251, a position determining unit 252, and a motor driving
unit 253. Since the ID setting unit 251 and the position determining unit 252 are the same as or similar to those in FIGS.
35 to 41, descriptions thereof will not be repeated.
[0331] The motor driving unit 253 may drive the motor 90 based on a user input. In the automatic moving mode, when
the user inputs a movement direction and a movement position of the X-ray source 70 through the user interface unit
210 or the manipulation unit 80, the motor driving unit 253 drives the motor and moves the X-ray source 70 according
to the input movement direction and movement position.
[0332] FIGS. 43A and 43B are diagrams illustrating movement of an X-ray source in an automatic moving mode.
[0333] As illustrated in FIG. 43A, when the table type X-ray detector 100 is provided, the user may select an imaging
position as a "table" by pressing the button 84 or touching the display panel 81. According to the user’s selection, the
motor driving unit 253 calculates a current position of the X-ray source 70 and a position of the X-ray detector 100
mounted in the table mounting unit 310, and outputs a control signal to the motor 90 that needs to be driven. The X-ray
source 70 moves according to driving of the motor 90. The position of the X-ray source 70 corresponds to a position of
the table type X-ray detector 100.
[0334] The ID setting unit 251 may set (that is, assign or change) the table ID to the table type X-ray detector 100
before a movement command of the X-ray source 70 is input. Also, the ID setting unit 251 may set the table ID to the
X-ray detector 100 while or after the X-ray source 70 moves. Therefore, X-ray imaging may be performed or an X-ray
image may be obtained in the imaging table 10.
[0335] As illustrated in FIG. 43B, when the stand type X-ray detector 100 is provided, the user may select an imaging
position as a "stand" by pressing the button 84 or touching the display panel 81. According to the user’s selection, the
motor driving unit 253 calculates a current position of the X-ray source 70 and a position of the X-ray detector 100
mounted in the stand mounting unit 320, and outputs a control signal to the motor 90 that needs to be driven. The X-
ray source 70 moves according to driving of the motor 90. The position of the X-ray source 70 corresponds to a position
of the stand type X-ray detector 100.
[0336] Before a movement command of the X-ray source 70 is input, the ID setting unit 251 may set the stand ID to
the stand type X-ray detector 100. Also, the ID setting unit 251 may set the stand ID to the X-ray detector 100 while or
after the X-ray source 70 moves. Therefore, X-ray imaging may be performed or an X-ray image may be obtained in the
imaging stand 20.
[0337] FIG. 44 is a diagram illustrating a configuration of a control unit according to another embodiment. As illustrated
in FIG. 44, the control unit 250 may include an ID setting unit 251, a position determining unit 252, and an imaging
condition setting unit 254. Since the ID setting unit 251 and the position determining unit 252 are the same as or similar
to those in FIGS. 35 to 41, the imaging condition setting unit 254 will be described below.
[0338] A permeability or a degree of attenuation of X-rays differs according to a property of a material to be transmitted
and a thickness of the material. In this case, a numerical expression of a degree of X-ray attenuation may be defined
as an attenuation coefficient.
[0339] For example, when X-rays having the same energy are radiated, an attenuation coefficient of bone is greater
than an attenuation coefficient of muscle, and an attenuation coefficient of muscle is greater than an attenuation coefficient
of fat. That is, as the material becomes harder, the attenuation coefficient increases. Such an attenuation coefficient
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may be represented as the following [Equation 1]. 

[0340] Here, Io denotes an X-ray dose radiated to a material, I denotes an X-ray dose transmitting the material, and
m(E) denotes an attenuation coefficient of the material for X-rays having an energy E. T denotes a thickness of the
material through which X-rays are transmitted.
[0341] According to [Equation 1], as the attenuation coefficient increases (that is, as the material becomes harder),
and as the material becomes thicker, an X-ray dose to be transmitted becomes smaller. Accordingly, the X-ray dose
should be differently radiated according to an imaging part of the object. For example, since a part lower than the chest
(for example, a pelvis) is thicker than the chest and includes hard bones, a higher X-ray dose should be radiated when
the part lower than the chest is imaged than when the chest is imaged.
[0342] The imaging condition setting unit 254 sets imaging conditions of the X-ray source 70, that is, an X-ray dose,
according to an imaging position selected by the user or a position in which the X-ray detector 100 is mounted.
[0343] In general, imaging of the part lower than the chest is performed in the imaging table 10, and imaging of the
chest is performed in the imaging stand 20. Accordingly, when the user selects the imaging table 10 as the imaging
position or when the position determining unit 252 determines that there is the table type X-ray detector 100, the imaging
condition setting unit 254 may set imaging conditions at an X-ray dose that is appropriate for the part lower than the
chest. On the other hand, when the user selects the imaging stand 20 as the imaging position or when the position
determining unit 252 determines that there is the stand type X-ray detector 100, the imaging condition setting unit 254
may set imaging conditions at an X-ray dose that is appropriate for the chest.
[0344] When the user selects portable imaging or when the position determining unit 252 determines that there is the
portable type X-ray detector 100, the imaging condition setting unit 254 may set imaging conditions based on the sensor
value of the detector detecting unit 140.
[0345] In the example of FIG. 33, when it is determined that X-ray detector 100 is a portable type, the position determining
unit 252 may determine a desired imaging part using the tilt detected by the tilt sensor G. When the tilt sensor G detects
a horizontal state (or detects about 90°), the position determining unit 252 determines that the part lower than the chest
is imaged. When the tilt sensor G detects a non-horizontal state, the position determining unit 252 may determine that
the chest is imaged.
[0346] Accordingly, the imaging condition setting unit 254 may set imaging conditions based on a tilt detected by the
tilt sensor G or an imaging part determined by the position determining unit 252. In the above-described example, when
the tilt sensor G detects a horizontal state or when the position determining unit 252 determines that the part lower than
the chest is imaged, the imaging condition setting unit 254 sets imaging conditions at an X-ray dose that is appropriate
for the part lower than the chest. On the other hand, when the tilt sensor G detects a non-horizontal state or when the
position determining unit 252 determines that the chest is imaged, the imaging condition setting unit 254 may set imaging
conditions at an X-ray dose that is appropriate for the chest.
[0347] For this purpose, the storage unit 270 may store imaging conditions, that is, the X-ray dose when the chest is
imaged and the X-ray dose when the part lower than the chest is imaged.
[0348] The communication unit 260 may allow the workstation 200 to be connected to an external device via wired
and/or wireless communication. The communication unit 260 may transmit and receive various types of signals and data
with, for example, the X-ray source 70, the X-ray detector 100, the manipulation unit 80, a remote controller, a terminal,
and the like.
[0349] The communication unit 260 may share a user command input through the user interface unit 210 with the
manipulation unit 80 or may share a user command input to the manipulation unit 80 with the workstation 200.
[0350] In order to control the X-ray source 70, the communication unit 260 may transmit a user command input to the
user interface unit 210 or a control signal of the control unit 250 to the X-ray source 70. For example, the communication
unit 260 may transmit a movement command of the X-ray source 70 to the X-ray source 70.
[0351] The communication unit 260 may transmit and receive various types of signals and data with the X-ray detector
100. The communication unit 260 may transmit a connection checking signal to the X-ray detector 100 or receive a
response signal from the X-ray detector 100. The communication unit 260 may transmit an ID checking signal to the X-
ray detector 100. The communication unit 260 may transmit assigned or changed ID information to the X-ray detector
100. The communication unit 260 may receive ID information and position information of the X-ray detector 100. In this
case, the ID information and the position information are simultaneously received.
[0352] The communication unit 260 may include various communication modules that can communicate with the
external device, for example, various communication modules such as a wireless Internet module, a short-range com-
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munication module, a mobile communication module, and a GPS module. The wireless Internet module, the short-range
communication module, and the mobile communication module are the same as those in the detector communication
unit 160. The GPS module is a module configured to receive a GPS signal from GPS satellites and detect a position of
the external device, for example, a current position of the X-ray source 70, and the like. However, the embodiments are
not limited thereto, but the communication unit 260 may use other types of communication modules in addition to the
above-described modules, as long as it can communicate with the X-ray detector 100 and the like.
[0353] The user interface unit 210 includes the input unit 211 and the display unit 212, and provides a user interface.
The display unit 212 may display various pieces of information about X-ray imaging. The display unit 212 may display
an X-ray detector and a mounting position thereof based on determination of the control unit 250.
[0354] FIG. 45A is a diagram illustrating an example of a display unit screen. FIG. 45B is a diagram illustrating another
example of the display unit screen.
[0355] As illustrated in FIG. 45A, the display unit 212 may display current imaging conditions, imaging procedures,
and the like at the top of a screen and may display an icon to set imaging conditions, an icon to save, and the like. The
display unit 212 may display a mounting state and a mounting position of the X-ray detector 100, the number of mounted
X-ray detectors 100, a usage of the mounted X-ray detector 100, and the like at the bottom of a screen. The display unit
212 may display an X-ray detector 100 and a mounting position thereof.
[0356] The display unit 212 may display a plurality of icons at the bottom. The display unit 212 may dispose a plurality
of icons in the form of the X-ray detector 100 side by side. A first icon 212a (hereinafter referred to as a "first icon") may
be set as an icon to display the stand type X-ray detector 100. A second icon 212b (hereinafter referred to as a "second
icon") may be set as an icon to display the table type X-ray detector 100. A third icon 212c (hereinafter referred to as a
"third icon") may be set as an icon to display the portable type X-ray detector 100.
[0357] When there is the stand type X-ray detector 100, the first icon 212a displays a mark 212d (hereinafter referred
to as a "first mark") indicating a usage of the X-ray detector 100 so that presence of the stand type X-ray detector 100
may be displayed. In FIG. 45A, the user may check that the stand type X-ray detector 100 is provided and the stand ID
is set to the stand type X-ray detector 100 through the first mark 212d.
[0358] When there is the table type X-ray detector 100, the second icon 212b displays a mark 212e (hereinafter referred
to as a "second mark") indicating a usage of the X-ray detector 100 so that presence of the table type X-ray detector
100 may be displayed. In FIG. 45A, the user may check that the table type X-ray detector 100 is provided and the table
ID is set to the table type X-ray detector 100 through the second mark 212e.
[0359] When there is the portable type X-ray detector 100, the third icon 212c displays a mark 212f (hereinafter referred
to as a "third mark") indicating a usage of the X-ray detector 100 so that presence of the portable type X-ray detector
100 may be displayed. In FIG. 45A, the user may check that the portable type X-ray detector 100 is provided and the
portable ID is set to the portable type X-ray detector 100 through the third mark 212f.
[0360] On the other hand, in FIG. 45B, the user may check that the stand type X-ray detector 100 is provided and the
table ID is set to the stand type X-ray detector 100 through the first mark 212a. The user may check that the table type
X-ray detector 100 is provided and the stand ID is set to the table type X-ray detector 100 through the second mark
212e. Similarly, the user may check that the portable type X-ray detector 100 is provided and the portable ID is set to
the portable type X-ray detector 100 through the third mark 212f.
[0361] As described above, the display unit 212 may display a usage of the X-ray detector 100 and a mounting position
thereof. As in FIG. 45B, when the ID of the X-ray detector 100 is not set according to a mounting position or an implemented
type, the ID setting unit 251 changes the ID. Since details thereof have been described above, redundant descriptions
will not be provided.
[0362] The storage unit 270 stores data and a program to manipulate the X-ray imaging apparatus 1 temporarily or
non-temporarily.
[0363] The storage unit 270 may store the sensor value of the detector detecting unit 140 that is changed according
to a mounting position of the X-ray detector 100 in advance. When the detector detecting unit 140 includes the linear
magnetic sensor M, the storage unit 270 may store a magnetic field direction or a magnetic field strength that is changed
according to a mounting position of the X-ray detector 100 in advance. When the detector detecting unit 140 includes
the nonlinear magnetic sensor H, the storage unit 270 may store an output of on or off that is changed according to a
mounting position of the X-ray detector 100 in advance. When the detector detecting unit 140 includes the tilt sensor G,
the detector storage unit 270 may store a degree of a tilt that is changed according to a mounting position of the X-ray
detector 100 in advance.
[0364] The storage unit 270 may store the threshold value that is set or adjusted to determine a position of the X-ray
detector 100 in advance. The storage unit 270 may store the ID set according to the usage in advance. That is, the
storage unit 270 may store the table ID, the stand ID, and the portable ID set according to the usage in advance.
[0365] The storage unit 270 may store a program to determine an X-ray detector and a mounting position thereof
based on ID information and position information. The storage unit 270 may store a program to set an ID according to
a usage, a program to assign an ID to the X-ray detector 100, a program to change an ID, and the like.
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[0366] While embodiments of the X-ray detector, the X-ray imaging apparatus, and the method of controlling an X-
ray imaging apparatus have been described above with reference to the exemplified drawings, it may be understood by
those skilled in the art that the embodiments may be performed in other concrete forms without changing the technological
scope and essential features. Therefore, the aforementioned embodiments should be considered as only examples in
all aspects and not for purposes of limitation.
[0367] The storage unit 270 may include at least one type of a recording medium of a flash memory type, hard disk
type, multimedia card micro type, and card type memory (for example, an SD or XD memory), a random access memory
(RAM), a static random access memory (SRAM), a read-only memory (ROM), an electrically erasable programmable
read-only memory (EEPROM), a programmable read-only memory (PROM), a magnetic memory, a magnetic disk, and
an optical disk, but the embodiments are not limited thereto, and the storage unit 270 may be may be implemented as
any type known in the related art. Also, the workstation 200 may operate a Web storage that performs a store function
in the Internet.
[0368] FIG. 46 is a control block diagram of an X-ray imaging apparatus according to another embodiment. When the
X-ray imaging apparatus according to another embodiment is described, the same reference numerals are assigned to
the same or similar configurations and functions to those of the above-described embodiment, and detailed descriptions
thereof will not be repeated.
[0369] As illustrated in FIG. 46, the X-ray imaging apparatus 1 may include the workstation 200, the X-ray source 70,
the X-ray detector 100, the mounting unit 300, and the manipulation unit 80. The X-ray source 70, the X-ray detector
100, the mounting unit 300, and the manipulation unit 80 may be connected to the workstation 200 via the wired and/or
wireless network 400.
[0370] The X-ray source 70 generates X-rays and radiates the X-rays to the object. The X-ray detector 100 detects
X-rays transmitted the object and obtains an X-ray image of an inside of the object.
[0371] The X-ray detector 100 may include the detector detecting unit 140, the detector control unit 150, the detector
communication unit 160, and the detector storage unit 170.
[0372] The detector detecting unit 140 may include at least one sensor detecting a position of the X-ray detector 100.
[0373] As illustrated in FIGS. 13 to 29, the detector detecting unit 140 may include at least one linear magnetic sensor
M. When the detector detecting unit 140 includes a plurality of linear magnetic sensors M, the sensors may be grouped
as a plurality of sensor groups. Each sensor group may include a plurality of linear magnetic sensors M. The number of
sensors to be included may be different for each sensor group. The magnet may be provided in the mounting unit 300.
According to a position of the linear magnetic sensor M or the number of linear magnetic sensors M, the magnet of the
table mounting unit 310, the magnet of the stand mounting unit 320, or the magnet of the portable mounting unit 330
may be provided in a region that does not correspond to each other or may also be provided in a region that corresponds
to each other. According to a position of the linear magnetic sensor M or the number of linear magnetic sensors M, each
of the magnet of the table mounting unit 310, the magnet of the stand mounting unit 320, and the magnet of the portable
mounting unit 330 may be aligned by different polarities or may be aligned by the same polarity.
[0374] A magnetic field detected by the linear magnetic sensor M, that is, a magnetic field direction or a magnetic field
strength is changed according to a mounting position of the X-ray detector 100. The control unit 250 determines a
mounting position of the X-ray detector 100 using the magnetic field detected by the linear magnetic sensor M in this
manner. The sensor value of the linear magnetic sensor M according to the mounting position may be stored in the
storage unit 270 in advance. Also, when the X-ray detector 100 is mounted, the sensor value of the linear magnetic
sensor M may be stored in the detector storage unit 170 temporarily or non-temporarily.
[0375] As illustrated in FIGS. 30 and 31, the detector detecting unit 140 may include the nonlinear magnetic sensor
H. The magnet may be provided in the mounting unit 300. According to a position of the linear magnetic sensor M or
the number of linear magnetic sensors M, the magnet of the table mounting unit 310, the magnet of the stand mounting
unit 320, or the magnet of the portable mounting unit 330 may be provided in a region that does not correspond to each
other or may also be provided in a region that corresponds to each other. Each of the magnet of the table mounting unit
310, the magnet of the stand mounting unit 320, and the magnet of the portable mounting unit 330 may be aligned by
the same polarity.
[0376] According to a mounting position of the X-ray detector 100, an output of on or off of the nonlinear magnetic
sensor H becomes different. The control unit 250 determines a mounting position of the X-ray detector 100 based on
an output of on or off of the nonlinear magnetic sensor H in this manner. The sensor value of the nonlinear magnetic
sensor H according to a mounting position may be stored in the storage unit 270 in advance. Also, when the X-ray
detector 100 is mounted, the sensor value of the nonlinear magnetic sensor H may be stored in the detector storage
unit 170 temporarily or non-temporarily.
[0377] As illustrated in FIG. 32, the detector detecting unit 140 may also include the tilt sensor G. A tilt detected by
the tilt sensor G becomes different according to whether the X-ray detector 100 is mounted in the table mounting unit
310 or in the stand mounting unit 320. The control unit 250 determines a mounting position of the X-ray detector 100
using a tilt detected by the tilt sensor G in this manner. The sensor value of the tilt sensor G according to a mounting
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position may be stored in the storage unit 270 in advance. Also, when the X-ray detector 100 is mounted, the sensor
value of the tilt sensor G may be stored in the detector storage unit 170 temporarily or non-temporarily.
[0378] As illustrated in FIGS. 33 and 34, the detector detecting unit 140 may include a combination of various types
of sensors. For example, the detector detecting unit 140 may include a combination of the linear magnetic sensor M
and the tilt sensor G, or may also include a combination of the nonlinear magnetic sensor H and the tilt sensor G.
[0379] The detector detecting unit 140 detects a tilt through the tilt sensor G and detects a magnetic field through the
linear magnetic sensor M or the nonlinear magnetic sensor H. The control unit 250 determines a mounting position of
the X-ray detector 100 using the sensor value of the linear magnetic sensor M or the nonlinear magnetic sensor H and
the sensor value of the tilt sensor G. The control unit 250 may also determine a location of a desired imaging part using
the sensor value of the tilt sensor G.
[0380] The sensor value of the linear magnetic sensor M and the sensor value of the tilt sensor G (or the sensor value
of the nonlinear magnetic sensor H and the sensor value of the tilt sensor G) according to a mounting position may be
stored in the storage unit 270 in advance. Also, when the X-ray detector 100 is mounted, the sensor value of the linear
magnetic sensor M and the sensor value of the tilt sensor G (or the sensor value of the nonlinear magnetic sensor H
and the sensor value of the tilt sensor G) may be stored in the detector storage unit 170 temporarily or non-temporarily.
[0381] When the plurality of X-ray detectors 100 are provided, the detector detecting units 140 included in the plurality
of X-ray detectors 100 have the same configuration.
[0382] The mounting unit 300 includes a mount detecting unit 340 configured to detect whether the X-ray detector
100 is mounted. The table mounting unit 310 and the stand mounting unit 320 each include the mount detecting unit 340.
[0383] The mount detecting unit 340 may include at least one sensor in order to detect whether the X-ray detector
100 is mounted. The mount detecting unit 340 may include a contact sensor, a non-contact sensor, or a combination of
a contact sensor and a non-contact sensor.
[0384] The contact sensor is a sensor configured to detect a mounting state of the X-ray detector 100 according to
whether a collision actually occurs, and may include a limit switch, a micro switch, a touch switch, and the like.
[0385] The contact sensor may include a normally open (NO) contact sensor or a normally closed (NC) contact sensor.
The NO contact sensor refers to a sensor that normally maintains an off state but outputs on when the X-ray detector
100 is mounted in the mounting unit 300 and collides with the contact sensor. The NC contact sensor refers to a sensor
that normally maintains an on state but outputs off when the X-ray detector 100 is mounted in the mounting unit 300
and collides with the contact sensor.
[0386] The non-contact sensor is a sensor configured to detect whether the X-ray detector 100 is mounted regardless
of collision, and may include an ultrasonic sensor, an optical sensor, an RF sensor, an image sensor, and the like.
[0387] When the mount detecting unit 340 includes the ultrasonic sensor, an ultrasound is radiated to an inside of the
mounting unit 300. Based on a reception intensity or a reception time of a reflective ultrasound, a mounting state of the
X-ray detector is detected. When the mount detecting unit 340 includes the optical sensor, lights having a range of
infrared light or visible light are emitted to an inside of the mounting unit 300. Based on a reception intensity or a reception
time of reflective light, a mounting state of the X-ray detector is detected. When the mount detecting unit 340 includes
the RF sensor, a wave of a specific frequency, for example, a microwave, is transmitted using the Doppler effect. A
mounting state of the X-ray detector is detected by detecting a change in a frequency of a reflective wave.
[0388] However, the embodiments are not limited to the above detection methods. A kind or a form of a sensor included
in the mount detecting unit 340 is not limited, as long as a mounting state of the X-ray detector 100 can be detected.
[0389] Referring again to FIG. 46, the workstation 200 may include the user interface unit 210, the communication
unit 260, the control unit 250, and the storage unit 270.
[0390] The control unit 250 may assign or change the ID of the X-ray detector 100. The control unit 250 may receive
the sensor value of the mount detecting unit 340 and may determine a mounting state or a mounting position of the X-
ray detector based on the received sensor value. The control unit 250 may receive ID information and position information
of the X-ray detector 100 from the X-ray detector 100 and may determine an X-ray detector 100 and a mounting position
thereof based on the ID information and position information. In this case, the ID information includes the ID assigned
to the X-ray detector 100, and the position information includes the sensor value of the detector detecting unit 140.
[0391] FIG. 47 is a diagram illustrating an example of a structure connecting the X-ray detector and a mount detecting
unit.
[0392] As exemplified in FIG. 47, two X-ray detectors 100 are provided. One of the two X-ray detectors 100 may be
mounted in the table mounting unit 310 and implemented in a table type. The other detector may be mounted in the
stand mounting unit 320 and implemented in a stand type. Also, unlike the example of FIG. 40, three X-ray detectors
100 may be provided. One of the three X-ray detectors 100 may be implemented in a table type, another detector may
be implemented in a stand type, and the other detector may be implemented in a portable type. In this case, the portable
type X-ray detector 100 may be mounted in the portable mounting unit 330 and may also be provided without being
mounted in the mounting unit 300.
[0393] Each of the plurality of X-ray detectors 100 implemented in different types is connected to the workstation 200
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via the wired network or wireless network 400. As illustrated in FIG. 47, each of the table type X-ray detector 100 and
the stand type X-ray detector 100 may be connected to the workstation 200 via the wired network 400 including the
cable and the network hub 410. The portable type X-ray detector 100 may be connected to the workstation 200 via the
wireless network 400.
[0394] Also, the mount detecting unit 340 provided in a different mounting unit 300 may be connected to the workstation
200 via the wired network 400 including the cable and the network hub 410. Each of the mount detecting unit 340 provided
in the table mounting unit 310 and the mount detecting unit 340 provided in the stand mounting unit 320 is connected
to the workstation 200. In this case, the mount detecting unit 340 provided in the table mounting unit 310 is called a first
detecting unit, and the mount detecting unit 340 provided in the stand mounting unit 320 is called a second detecting unit.
[0395] The mount detecting unit 340 detects a mounting state of the X-ray detector 100 and transmits the sensor value
to the workstation 200. In the example of FIG. 47, the first detecting unit detects the X-ray detector 100 mounted in the
table mounting unit 310 and transmits the sensor value. Similarly, the second detecting unit detects the X-ray detector
100 mounted in the stand mounting unit 320 and transmits the sensor value.
[0396] The control unit 250 determines that there is the table type or stand type X-ray detector 100 connected to the
workstation 200 based on the sensor value of the mount detecting unit 340. The control unit 250 determines that there
is the table type X-ray detector 100 from a sensor value of the first detecting unit or a change in the sensor value. The
control unit 250 determines that there is the stand type X-ray detector 100 from a sensor value of the second detecting
unit or a change in the sensor value. Regardless of the sensor value of the mount detecting unit 340, the control unit
250 may check whether there is the portable type X-ray detector 100 via wireless communication.
[0397] The communication unit 260 transmits an ID checking signal to each X-ray detector 100 according to a control
signal of the control unit 250. The communication unit 260 receives ID information from the connected X-ray detector
100. At the same time, the communication unit 260 receives position information from the connected X-ray detector 100.
The control unit 250 determines an X-ray detector 100 and a mounting position thereof based on the simultaneously
received ID information and position information. In this case, ID information includes the ID assigned to the X-ray
detector 100, and the position information includes the sensor value of the detector detecting unit 140.
[0398] For detailed description thereof, the table ID set asID1, the stand ID set asID2, and the portable ID set as ID3
may be stored in the storage unit 270. In addition, in FIG. 47, a case in which ID2 is assigned as an ID of the table type
X-ray detector and stored in the detector storage unit 170, and ID3 is assigned as an ID of the stand type X-ray detector
and stored in the detector storage unit 170 may be exemplified.
[0399] The control unit 250 determines that the X-ray detector 100 is mounted in the table mounting unit 310 from a
sensor value output from the table type X-ray detector 100. The control unit 250 determines that the stand ID is assigned
to the X-ray detector 100 mounted in the table mounting unit 310 from ID information received along with the sensor
value, that is,ID2. That is, the control unit 250 may determine that the stand X-ray detector is mounted in the table
mounting unit 310.
[0400] The control unit 250 determines that the X-ray detector 100 is mounted in the stand mounting unit 320 from a
sensor value output from the stand type X-ray detector 100. The control unit 250 determines that the portable ID is
assigned to the X-ray detector 100 mounted in the stand mounting unit 320 from ID information received along with the
sensor value, that is,ID3. That is, the control unit 250 may determine that the portable X-ray detector is mounted in the
stand mounting unit 320.
[0401] The control unit 250 keeps or changes the ID of the X-ray detector 100 according to a mounting position or an
implemented type. In the above-described example, the control unit 250 may change the ID of the X-ray detector mounted
in the table mounting unit 310 to the table ID, that is, ID1, or change the ID of the X-ray detector mounted in the stand
mounting unit 320 to the stand ID, that is,ID2. Such ID changing may be performed based on the user input through the
user interface unit 210 or automatically performed according to a program stored in the storage unit 270.
[0402] Unlike the example of FIG. 47, when three X-ray detectors 100 implemented in a table type, a stand type, and
a portable type are provided, a case in which ID1 is assigned as an ID of the table type X-ray detector and stored in the
detector storage unit 170, ID3 is assigned as an ID of the stand type X-ray detector and stored in the detector storage
unit 170, and ID2 is assigned as an ID of the portable type X-ray detector may be exemplified.
[0403] In this case, the control unit 250 determines that the table ID is assigned to the X-ray detector 100 mounted in
the table mounting unit 310 based on the sensor value output from the table type X-ray detector 100 and ID information,
that is,ID1. That is, it may be determined that the table X-ray detector is mounted in the table mounting unit 310. The
control unit 250 determines that the portable ID is assigned to the X-ray detector 100 mounted in the stand mounting
unit 320 based on the sensor value output from the stand type X-ray detector 100 and ID information, that is,ID3. That
is, it may be determined that the portable X-ray detector is mounted in the stand mounting unit 320. Also, the control
unit 250 determines that the stand ID is assigned to the X-ray detector 100 that is portably provided based on the sensor
value output from the portable type X-ray detector 100 and ID information, that is,ID2. That is, it may be determined that
the stand X-ray detector is portably provided.
[0404] Also, the control unit 250 may keep an ID of the X-ray detector mounted in the table mounting unit 310 as the
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table ID, that is, ID1, based on the above determination. Also, an ID of the X-ray detector mounted in the stand mounting
unit 320 may be changed to the stand ID, that is, ID2, or an ID of the X-ray detector that is portably provided may be
changed to the portable ID, that is, ID3.
[0405] In FIG. 47, a structure in which the X-ray detector 100 and the workstation 200 are directly connected was
exemplified. However, the power box may be further included along a path connecting the X-ray detector 100 and the
workstation 200. Also, the power box may be further included along a path connecting the mount detecting unit 340 and
the workstation 200. Also, a connecting medium other than the power box may be included.
[0406] FIG. 48 is a diagram illustrating another example of the structure connecting the X-ray detector and the mount
detecting unit.
[0407] In FIG. 47, a case in which the mount detecting unit 340 is connected to the workstation 200 through the cable
and the network hub 410 was exemplified. However, as illustrated in FIG. 48, the manipulation unit 80 may be further
included along a connection path. Accordingly, the manipulation unit 80 may receive a user command and enables the
mount detecting unit 340 and the workstation 200 to share information.
[0408] Specifically, the first detecting unit provided in the table mounting unit 310 is connected to the manipulation
unit 80 through the cable, and the manipulation unit 80 is connected to the workstation 200 through the cable and the
network hub 410. Accordingly, the manipulation unit 80 may display the sensor value of the first detecting unit or a
mounting state of the X-ray detector 100 detected by the first detecting unit through the display panel 81, or may deliver
the value or the mounting state to the workstation 200.
[0409] The second detecting unit provided in the stand mounting unit 320 is connected to the manipulation unit 80
through the cable. The manipulation unit 80 is connected to the workstation 200 through the cable and the network hub
410. Accordingly, the manipulation unit 80 may display the sensor value of the second detecting unit or a mounting state
of the X-ray detector 100 detected by the second detecting unit through the display panel 81, or may deliver the value
and the mounting state to the workstation 200.
[0410] Accordingly, the user may check a mounting position of the X-ray detector 100 through the manipulation unit
80 or the workstation 200.
[0411] FIG. 49 is a control block diagram of an X-ray imaging apparatus according to still another embodiment. When
the X-ray imaging apparatus according to FIG. 49 is described, the same reference numerals are assigned to the same
or similar configurations and functions to those of the above-described embodiment, and detailed descriptions thereof
will not be repeated.
[0412] As illustrated in FIG. 49, the X-ray imaging apparatus 1 may include the workstation 200, the X-ray source 70,
the X-ray detector 100, and the manipulation unit 80. The X-ray source 70, the X-ray detector 100 and the manipulation
unit 80 may be connected to the workstation 200 via the wired and/or wireless network 400. The workstation 200 includes
the user interface unit 210, the communication unit 260, the control unit 250, and the storage unit 270. The X-ray detector
100 may include the detector detecting unit 140, the detector control unit 150, the detector communication unit 160, the
detector storage unit 170, and an indicator 190.
[0413] As described in FIG. 40, at least one X-ray detector 100 may be connected to the workstation 200 via the wired
network or wireless network 400. In FIG. 40, a case in which the table type X-ray detector 100 and the stand type X-ray
detector 100 are connected to the workstation 200 via the wired network 400 was exemplified. When the wired network
400 is used in this manner, even if the plurality of X-ray detectors 100 are provided, the X-ray detector 100 connected
to the workstation 200 may be visually easily checked.
[0414] On the other hand, when the wireless network 400 is used, it is difficult to visually check which X-ray detector
100 is connected to the workstation 200 in some cases. For example, when the plurality of portable type X-ray detectors
100 are provided, it is difficult to check which X-ray detector 100 is connected to the workstation 200. Accordingly, the
X-ray detector 100 may further include the indicator 190. It is possible to visually check the X-ray detector 100 that is
connected to the workstation 200 through a display of the indicator 190.
[0415] The indicator 190 displays a connection state of the workstation 200. When the X-ray detector 100 is connected
to the workstation 200 via the wired network or wireless network, the indicator 190 displays a connection state using a
method of light-emitting and the like under control of the detector control unit 150. The indicator 190 may be implemented
as an incandescent light emitting device such as an incandescent lamp and a halogen lamp, a discharge light emitting
device such as a fluorescent lamp, or an electroluminescent device such as a lighting emitting diode (LED). However,
a form of the indicator 190 or an implementation method thereof is not limited, as long as the user can recognize a
connection state.
[0416] FIG. 50 is a front view of an exemplary X-ray detector including an indicator. As illustrated in FIG. 50, a plurality
of X-ray detectors 100 T1, T2, T3, and T4 may be provided. Each of the plurality of X-ray detectors T1, T2, T3, and T4
may include the indicator 190. When the X-ray detector T2 among the plurality of X-ray detectors T1, T2, T3, and T4 is
connected to the workstation 200, the indicator 190 of the X-ray detector T2 is switched to an on state or maintains an
on state. On the other hand, the indicators 190 of the remaining X-ray detectors T1, T3, and T4 are switched to an off
state or maintain an off state. According to an on or off display of the indicator 190, the user may recognize that the X-
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ray detector T2 is connected to the workstation 200.
[0417] As illustrated in FIG. 50, the indicator 190 may be provided in a lower part of the incident surface 110. However,
a position of the indicator is not limited to the position in FIG. 50, as long as the user can recognize a connection state.
[0418] Although the above embodiment has been illustrated in that the ID setting unit 251 may set, assign or change
ID information of the X-ray detector 100, the present disclosure is not limited thereto. For example, according to anther
embodiment, ID information of the X-ray detector 100 may be used as unique information of each X-ray detector 100,
which will be described with reference to FIGS. 51 and 52.
[0419] FIGS. 51 and 52 are views illustrating an embodiment in which ID information of the X-ray detector is used as
unique information of each X-ray detector.
[0420] Referring to FIG. 51, the control unit 250 of the X-ray imaging apparatus 1 according to the present embodiment
may include the position determining unit 252 to determine a position of the X-ray detector 100, the motor driving unit
253 to drive a motor and the imaging condition setting unit 254 to set imaging conditions, but does not include the ID
setting unit 251 used in the above described embodiment. In this case, the X-ray detector 100 may be assigned unique
ID information, in which the unique ID information is not set or assigned by the X-ray imaging apparatus 1 but assigned
to be different between the respective X-ray detectors 100 when the X-ray detector 100 is manufactured.
[0421] The configuration or operation of the X-ray imaging apparatus 1 shown in FIG. 51 is identical to those described
in the above embodiment except that ID of the X-ray detector 100 is already assigned and fixed as a unique value rather
than it may be set assigned and changed by the X-ray imaging apparatus 1, and detailed description thereof will be omitted.
[0422] As described above, the position determining unit 252 may determine a mounting position of the X-ray detector
100, based on at least one of a magnetic field strength and a magnetic field direction detected by a linear magnetic
sensor M or ON/OFF output of a nonlinear magnetic sensor H, and may identify the mounted X-ray detector 100 based
on unique ID information.
[0423] It may be assumed that the X-ray imaging is performed using a stand type, that is, the X-ray imaging is performed
while a patient stands up. Referring to FIG. 52, the position determining unit 252 determines that an X-ray detector 100-1
having ID information of D1 is mounted on the stand mounting unit 320, and an X-ray detector 100-2 having ID information
of D2 is mounted on the table mounting unit 310. In this case, an X-ray detector used for X-ray imaging is the X-ray
detector 100-1 mounted on the stand mounting unit 320, so the workstation 200 may receive X-ray image data from the
X-ray detector 100-1 having ID information of D1. That is, the X-ray detector 100-1 mounted on the stand mounting unit
320 may be used for the X-ray imaging. In this manner, an X-ray image and relevant data thereof may be received from
the X-ray detector 100 that has been actually used for the X-ray imaging without an additional input or manipulation of
a user, and thus the workload of the user is reduced and repeated X-ray imaging is prevented.
[0424] Meanwhile, an X-ray detector may be designated to be exclusive for a respective mounting unit in advance.
For example, the X-ray detector 100-1 having ID information of D1 may be provided for a table-use, the X-ray detector
100-2 having ID information of D2 may be provided for a stand-use, and the X-ray detector 100-3 having ID information
of D3 may be provided for a portable-use. Although the uses of the respective X-ray detectors 100-1, 100-2 and 100-3
may be set in advance for convenience of user, the uses may be changed. Accordingly, when image photographing
needs to be performed in a state in which a patient stands up as shown in FIG. 52, and the X-ray detector 100-1 having
ID information of D1 is mounted on the stand mounting unit 320, the workstation 200 may receive an X-ray image or
relevant data thereof from the X-ray detector 100-1 mounted on the current stand mounting unit 310 rather than from
the X-ray detector 100-2 that has been set for a stand-purpose. In this case, the respective X-ray detectors may have
the previously-set uses thereof changed according to the current mounting states thereof. Alternatively, the previously-
set uses may be maintained.
[0425] Components and functions of each component of the X-ray detector and the X-ray imaging apparatus have
been described above based on the embodiments. Hereinafter, a method of controlling an X-ray imaging apparatus will
be described with reference to given flowcharts.
[0426] FIG. 53 is a flowchart illustrating a method of controlling an X-ray imaging apparatus according to an embodiment.
[0427] As illustrated in FIG. 53, first, a connection state of the X-ray detector 100 is determined (700).
[0428] The control unit 250 transmits a connection checking signal to the X-ray detector 100 and receives a response
signal in response thereto so that a connection state of the X-ray detector 100 may be checked. In this case, the
connection checking signal refers to a signal that request to check whether the X-ray detector 100 is connected to the
workstation, and may include a packer Internet grouper (ping) signal.
[0429] Specifically, the control unit 250 transmits the connection checking signal to each X-ray detector 100 periodically,
that is, at predetermined time intervals. When a response (ack) signal is received from at least one X-ray detector 100,
the control unit determines that there is the table type, stand type, or portable type X-ray detector 100.
[0430] The control unit 250 may check a connection state of the X-ray detector 100 based on the sensor value of the
mount detecting unit 340. The mount detecting unit 340 may include a contact sensor or a non-contact sensor, may be
provided in each of the table mounting unit 310 and the stand mounting unit 320, and may detect a connection state of
the X-ray detector 100. In this case, the mount detecting unit 340 provided in the table mounting unit 310 is called a first
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detecting unit, and the mount detecting unit 340 provided in the stand mounting unit 320 is called a second detecting unit.
[0431] The control unit 250 may determine whether there is the table type X-ray detector 100 from a sensor value of
the first detecting unit or a change in the sensor value. The control unit 250 may determine whether there is the stand
type X-ray detector 100 from a sensor value of the second detecting unit or a change in the sensor value. Regardless
of the sensor value of the mount detecting unit 340, the control unit 250 may check whether there is the portable type
X-ray detector 100 via wireless communication.
[0432] When there is no connected X-ray detector 100, the process immediately ends.
[0433] When there is the connected X-ray detector 100, the control unit 250 simultaneously receives position infor-
mation and ID information from each X-ray detector 100 (710). In this case, the position information includes the sensor
value of the detector detecting unit 140, and the ID information includes the ID assigned to the X-ray detector 100.
[0434] The control unit 250 determines an X-ray detector and a mounting position thereof based on the received
position information and ID information (720).
[0435] The control unit 250 may determine a mounting position of the X-ray detector 100 based on position information.
[0436] When the detector detecting unit 140 includes the linear magnetic sensor M, the control unit 250 may determine
a mounting position using a magnetic field direction or a magnetic field strength detected by the linear magnetic sensor M.
[0437] When the detector detecting unit 140 includes the nonlinear magnetic sensor H, the control unit 250 may
determine a mounting position based on an output of on or off of the nonlinear magnetic sensor H.
[0438] When the detector detecting unit 140 includes the tilt sensor G, the control unit 250 may determine a mounting
position using a tilt detected by the tilt sensor G. However, when the tilt sensor G detects a horizontal state, the control
unit 250 may determine a mounting position according to user input information.
[0439] When the detector detecting unit 140 includes a combination of the linear magnetic sensor M and the tilt sensor
G or a combination of the nonlinear magnetic sensor H and the tilt sensor G, the control unit 250 may determine a
mounting position using a magnetic field detected by the linear magnetic sensor M or the nonlinear magnetic sensor H
or a tilt detected by the tilt sensor G. The control unit 250 may determine a location of a desired imaging part using the
sensor value of the tilt sensor G.
[0440] The control unit 250 may determine an X-ray detector 100 and a mounting position thereof using position
information of the X-ray detector 100 and ID information of the X-ray detector 100.
[0441] For detailed description thereof, the table ID set asID1, the stand ID set asID2, and the portable ID set as ID3
may be stored in the storage unit 270. Also, a case in which three X-ray detectors 100 implemented in a table type, a
stand type, and a portable type are provided, ID1 is assigned as an ID of the table type X-ray detector and stored in the
detector storage unit 170, ID3 is assigned as an ID of the stand type X-ray detector and stored in the detector storage
unit 170, and ID2 is assigned as an ID of the portable type X-ray detector may be exemplified.
[0442] The control unit 250 determines that the table ID is assigned to the X-ray detector 100 mounted in the table
mounting unit 310 based on the sensor value output from the table type X-ray detector 100 and ID information, that
is,ID1. That is, it may be determined that the table X-ray detector is mounted in the table mounting unit 310. The control
unit 250 determines that the portable ID is assigned to the X-ray detector 100 mounted in the stand mounting unit 320
based on the sensor value output from the stand type X-ray detector 100 and ID information, that is,ID3. That is, it may
be determined that the portable X-ray detector is mounted in the stand mounting unit 320. Also, the control unit 250
determines that the stand ID is assigned to the X-ray detector 100 that is portably provided based on the sensor value
output from the portable type X-ray detector 100 and ID information, that is,ID2. That is, it may be determined that the
stand X-ray detector is portably provided.
[0443] The control unit 250 determines whether an ID is assigned to the X-ray detector 100 according to a mounting
position (730). When the ID is assigned according to the mounting position, the process immediately ends. When the
ID is not assigned according to the mounting position, the control unit 250 changes the ID according to the mounting
position (740).
[0444] In the above example, the control unit 250 changes an ID of the X-ray detector mounted in the stand mounting
unit 320 to the stand ID, that is, ID2 such that the object may be imaged in the imaging stand 20. Also, an ID of the X-
ray detector that is portably provided is changed to the portable ID, that is, ID3 such that the object may be imaged in
various positions, directions, or angles.
[0445] FIG. 54 is a flowchart illustrating a method of controlling an X-ray imaging apparatus according to another
embodiment. When FIG. 54 is described, the same content as in the above-described embodiment will not be repeated.
[0446] As illustrated in FIG. 54, first, a connection state of the X-ray detector 100 is determined (800). The control unit
250 transmits a connection checking signal to the X-ray detector 100 periodically and receives a response signal in
response thereto so that a connection state may be checked, or the control unit 250 may check a connection state using
the sensor value of the mount detecting unit 340.
[0447] When there is no connected X-ray detector 100, the process immediately ends.
[0448] When there is the connected X-ray detector 100, the control unit 250 simultaneously receives position infor-
mation and ID information from each X-ray detector 100 (810). In this case, the position information includes the sensor
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value of the detector detecting unit 140, and the ID information includes the ID assigned to the X-ray detector 100.
[0449] The control unit 250 determines an X-ray detector and a mounting position thereof based on the received
position information and ID information (820).
[0450] The control unit 250 determines whether the ID is assigned to the X-ray detector according to a mounting
position (830). When the ID is not assigned according to the mounting position, the control unit 250 changes the ID
according to the mounting position (840).
[0451] When the ID is assigned according to the mounting position in determining operation 830, or when the ID is
changed according to the mounting position in operation 840, the control unit 250 moves the X-ray source 70 to an
imaging position input by the user (850).
[0452] For example, when the table type X-ray detector 100 is provided, the user may select an imaging position as
a "table" by pressing the button 84 or touching the display panel 81. According to the user’s selection, the control unit
250 calculates a current position of the X-ray source 70 and a position of the X-ray detector 100 mounted in the table
mounting unit 310, and outputs a control signal to the motor 90 that needs to be driven. The X-ray source 70 moves
according to driving of the motor 90. The position of the X-ray source 10 corresponds to a position of the table type X-
ray detector 100. Therefore, X-ray imaging may be performed or an X-ray image may be obtained in the imaging table 10.
[0453] FIG. 55 is a flowchart illustrating a method of controlling an X-ray imaging apparatus according to still another
embodiment. Since operations 900 to 940 of FIG. 55 are the same as operations 700 to 740 of FIG. 34, descriptions
thereof will not be repeated.
[0454] When the ID of the X-ray detector 100 is set according to the mounting position by the end of operation 940,
the control unit 250 sets imaging conditions of the X-ray source 70, that is, an X-ray dose, according to an imaging
position selected by the user or a position in which the X-ray detector 100 is mounted (950).
[0455] For example, when the user selects the imaging table 10 as an imaging position, or when it is determined that
there is the table type X-ray detector 100, the control unit 250 may set imaging conditions at an X-ray dose that is
appropriate for the part lower than the chest. On the other hand, when the user selects the imaging stand 20 as an
imaging position, or when it is determined that there is the stand type X-ray detector 100, the control unit 250 may set
imaging conditions at an X-ray dose that is appropriate for the chest.
[0456] Also, when the user selects portable imaging, or when it is determined that there is the portable type X-ray
detector 100, the control unit 250 may set imaging conditions based on the sensor value of the detector detecting unit
140. In the example of FIG. 33, when the tilt sensor G detects a horizontal state, the control unit 250 may set imaging
conditions at an X-ray dose that is appropriate for the part lower than the chest. On the other hand, when the tilt sensor
G detects a non-horizontal state, the control unit 250 may set imaging conditions at an X-ray dose that is appropriate
for the chest.
[0457] FIG. 56 is a flowchart illustrating an embodiment in which ID of the X-ray detector is not set or changed, which
corresponds to the embodiment described above with reference to FIGS. 51 and 52.
[0458] Referring to FIG. 56, it is determined whether the X-ray detector 100 is connected (961), and when there is no
connected X-ray detector 100 (NO from operation 961), the process immediately ends.
[0459] When there is the connected X-ray detector 100, the control unit 250 receives position information and ID
information from the connected X-ray detector 100 (962). In this case, the position information includes the sensor value
of the detector detecting unit 140, and the ID information is unique information assigned to the X-ray detector 100, and
regarded as a fixed value that does not change.
[0460] The control unit 250, in particular, the position determining unit 252 may identify an X-ray detector 100 and
determine a mounting position of an X-ray detector 100 based on the received position information and ID information
(963). Since the ID information is unique information of each X-ray detector, an X-ray detector may be identified based
on the ID information, and since the position information is information indicating a position in which an X-ray detector
is provided, the mounting position of an X-ray detector may be determined based on the position information.
[0461] The process including operations 961 to 963 are identical to the process including operations 700 and 720
described above, and details thereof will be omitted.
[0462] In addition, image data may be received from a certain type of an X-ray detector that is to be used for X-ray
imaging (964). The type of an X-ray detector to be used for X-ray imaging may be determined among a table type, a
stand type and a portable type. The type may be determined by a user’s input, or may be automatically determined
depending on the position of a patient. For example, when the type to be used for X-ray imaging is a stand type, that is,
when the X-ray imaging is performed on a patient who stands up, an X-ray image or relevant data thereof may be
received from the stand type X-ray detector 100 mounted on the stand mounting unit 320, according to a result of
operation 963 identifying an X-ray detector and determining a mounting position of an X-ray detector. That is, the stand-
type X-ray detector 100 may be used for X-ray imaging. Accordingly, data may be received from the X-ray detector 100
that has been actually used for X-ray imaging without an additional input or manipulation of a user, and thus the workload
of the user is reduced and repeated X-ray imaging is prevented.
[0463] While the embodiments of the X-ray detector, the X-ray imaging apparatus, and the method of controlling an



EP 3 524 155 A1

39

5

10

15

20

25

30

35

40

45

50

55

X-ray imaging apparatus have been described above with reference to the exemplified drawings, it may be understood
by those skilled in the art that the embodiments may be performed in other concrete forms without changing the tech-
nological scope and essential features. Therefore, the aforementioned embodiments should be considered as only
examples in all aspects and not for purposes of limitation.

Claims

1. An X-ray detector that is detachably mountable in a mounting unit, the detector comprising:

a storage unit configured to store identification (ID) information, which is assigned to the X-ray detector according
to its usage, of the X-ray detector;
a position detecting unit configured to detect a mounting position information of the X-ray detector; and
a communication unit configured to transmit the mounting position information of the X-ray detector and ID
information of the X-ray detector to a workstation.

2. The X-ray detector according to claim 1, wherein the ID information includes at least one table ID, a stand ID, and
a portable ID.

3. The X-ray detector according to claim 1 or 2, wherein the mounting unit includes at least one of a table mounting
unit provided in an imaging table and a stand mounting unit provided in an imaging stand.

4. The X-ray detector according to claim 1, 2 or 3, wherein the position detecting unit includes a magnetic sensor to
detect at least one of a magnetic field direction and a magnetic field strength.

5. The X-ray detector according to claim 4, wherein the magnetic sensor includes a linear magnetic sensor to output
a value corresponding to the magnetic field strength.

6. The X-ray detector according to claim 4, wherein the magnetic sensor includes a nonlinear magnetic sensor to
output one of on and off according to the magnetic field strength.

7. The X-ray detector according to a preceding claim, wherein the position detecting unit includes a tilt sensor to detect
a tilt.

8. The X-ray detector according to a preceding claim, wherein the position detecting unit includes a magnetic sensor
to detect one of a magnetic field direction and a magnetic field strength, and a tilt sensor to detecting a tilt.

9. The X-ray detector according to a preceding claim, further comprising an indicator to indicate whether the X-ray
detector is connected to a workstation.

10. An X-ray imaging apparatus, comprising:

at least one X-ray detector including a storage unit configured to store identification (ID) information, a mounting
position detecting unit configured to detect a mounting position information of the X-ray detector and a commu-
nication unit configured to transmit the mounting position information of the X-ray detector and the ID information
of the X-ray detector;
at least one mounting unit in which the at least one X-ray detector is mounted; and
a control unit configured to identify the X-ray detector which is mounted in one of the at least one mounting unit
based on the transmitted ID information, determine a usage of the X-ray detector based on the transmitted ID
information and identify the mounting unit in which the X-ray detector having the transmitted ID information is
mounted based on the transmitted mounting position information.

11. The X-ray imaging apparatus according to claim 10, wherein the at least one mounting unit includes a table mounting
unit provided in an imaging table and a stand mounting unit provided in an imaging stand,
wherein the control unit determines whether the X-ray detector having the transmitted ID information is mounted in
the table mounting unit or the stand mounting unit based on the transmitted mounting position information.

12. The X-ray imaging apparatus according to claim 11, wherein the control unit determines whether the X-ray detector
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having the transmitted ID information is not mounted in the table mounting unit or the stand mounting unit based
on the transmitted mounting position information.

13. The X-ray imaging apparatus according to claim 10, 11 or 12, wherein the mounting position detecting unit includes
a tilt sensor to detect a tilt, and
the control unit is configured to determine in which mounting unit the at least one X-ray detector is mounted based
on the tilt detected by the tilt sensor.

14. The X-ray imaging apparatus according to claim 13, wherein, when the tilt sensor detects a horizontal state, the
control unit is configured to determine in which mounting unit the at least one X-ray detector is mounted based on
a user’s input.

15. The X-ray imaging apparatus according to claim 13 or 14, wherein the control unit is configured to determine an
imaging part based on the tilt detected by the tilt sensor when the at least one X-ray detector is not mounted in a
table mounting unit or a stand mounting unit.
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