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X-RAY IMAGING SYSTEM, X-RAY IMAGING
METHOD, AND X-RAY IMAGING CONTROL
APPARATUS

BACKGROUND OF THE INVENTION

Cross Reference to Related Applications

[0001] The present invention claims priority under 35
US.C. § 119 to Japanese Application No. 2023-066549,
filed on Apr. 14, 2023, the entire contents of which being
incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to an X-ray imaging
system, an X-ray imaging method, and an X-ray imaging
control apparatus.

DESCRIPTION OF RELATED ART

[0003] Traditionally, dual-energy X-ray absorptiometry
(DXA; Dual-energy X-ray Absorptiometry. Hereinafter, also
referred to as a DXA method). As described in Japanese
Unexamined Patent Publication No. 2022-11814, image
imaging by the DXA method requires an image (calibration
image) captured without a subject and an image captured
with a subject while maintaining the same positional rela-
tionship between a radiation source and a radiation detector.
[0004] Bone density measurement requires very high
accuracy because it measures changes in bone mass over
time. In bone density measurement, it is also necessary that
the same result can be obtained even when the same patient
is imaged many times (reproducibility).

[0005] Therefore, in the image imaging apparatus using
the DXA method, the arrangement of the radiation source
and the radiation detector is mechanically fixed to suppress
the variation in the positional relationship.

[0006] Therefore, an image imaging apparatus using the
DXA method is used as a dedicated apparatus for bone
density measurement or the like, and general imaging such
as chest X-ray imaging and image imaging using the DXA
method are performed by different apparatuses.

[0007] In recent years, a cassette-type radiation detector
(flat panel detector (FPD)) has been widely used. Image
imaging by the DXA method using a flat panel display
(hereinafter referred to as FPD) has been proposed. There-
fore, general imaging and imaging by the DXA method can
be performed using the same imaging apparatus by replacing
the cassette-type FPD.

SUMMARY OF THE INVENTION

[0008] However, usually, since a tube is moved in general
imaging, a positional relationship between the radiation
source and the radiation detector is changed. In addition,
since a cassette-type FPD is used, a positional relationship
between the radiation source and the radiation detector is
changed by loading and unloading of the FPD with respect
to the imaging stand.

[0009] Therefore, when the positional relationship
between the radiation source and the radiation detector
which is initially set at the time of the DXA imaging is
changed, it is difficult to return to the positional relationship
between the radiation source and the radiation detector again
in units of mm.
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[0010] Therefore, it is necessary to take the calibration
image again as necessary, but it is difficult for the technician
to accurately grasp the timing.

[0011] As a result, there is a problem in that re-imaging
occurs due to the calibration being forgotten, or an accurate
bone density cannot be calculated.

[0012] Therefore, an object of the present invention is to
suitably perform calibration in an X-ray imaging system
capable of performing X-ray imaging by dual-energy X-ray
absorptiometry and general imaging.

[0013] To achieve at least one of the abovementioned
objects, according to an aspect of the present invention, X
Radiation imaging system reflecting one aspect of the pres-
ent invention is an X-ray imaging system capable of per-
forming X-ray imaging by dual-energy X-ray absorptiom-
etry and general imaging, the X-ray imaging system
comprising: an X-ray emitter capable of individually emit-
ting a plurality of X-rays having different energies; a por-
table X-ray detector that captures an X-ray image based on
an X-ray emitted by the X-ray emitter; and a hardware
processor that provides, under a predetermined condition, a
first notification related to capturing of a calibration image
by the X-ray detector, wherein the hardware processor
provides the first notification each time X-ray imaging by
the dual-energy X-ray absorptiometry is performed or when
capturing of the calibration image is determined to be
necessary.

[0014] To achieve at least one of the abovementioned
objects, according to an aspect of the present invention,
X-ray imaging control apparatus reflecting one aspect of the
present invention is an X-ray imaging control apparatus in
an X-ray imaging system that performs X-ray imaging by
dual-energy X-ray absorptiometry and general imaging by
using an X-ray emitter capable of individually emitting a
plurality of X-rays having different energies and a portable
X-ray detector that captures an X-ray image based on an
X-ray emitted by the X-ray emitter, the X-ray imaging
control apparatus comprising a hardware processor that
provides a first notification related to capturing of a calibra-
tion image by the X-ray detector under a predetermined
condition, wherein the hardware processor provides the first
notification each time the X-ray imaging by the dual-energy
X-ray absorptiometry is performed, or when capturing of the
calibration image is determined to be necessary.

[0015] To achieve at least one of the abovementioned
objects, according to an aspect of the present invention,
X-ray imaging method reflecting one aspect of the present
invention is an X-ray imaging method using an X-ray
imaging system capable of performing X-ray imaging by
dual-energy X-ray absorptiometry and general imaging by
an X-ray emitter capable of individually emitting a plurality
of X-rays having different energies and a portable X-ray
detector that captures an X-ray image based on an X-ray
emitted by the X-ray emitter, the X-ray imaging method
comprising providing, under a predetermined condition, a
first notification related to capturing of a calibration image
by the X-ray detector, wherein the first notification is pro-
vided each time X-ray imaging by the dual-energy X-ray
absorptiometry is performed or when capturing of the cali-
bration image is determined to be necessary.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The advantages and features provided by one or
more embodiments of the invention will become more fully
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understood from the detailed description given hereinbelow
and the appended drawings which are given by way of
illustration only, and thus are not intended as a definition of
the limits of the present invention, wherein:

[0017] FIG. 1 is a block diagram showing a radiation
imaging system according to an embodiment of the present
invention,

[0018] FIG. 2 is a schematic diagram illustrating an
example of the configuration of a radiation generating
apparatus and a radiation detector,

[0019] FIG. 3 is a block diagram illustrating a console
included in the radiation imaging system,

[0020] FIG. 4 is an image diagram of imaging without a
subject,
[0021]
imaging,
[0022] FIG. 6 is a flowchart illustrating calibration neces-
sity determination processing,

[0023] FIG. 7 is a flowchart illustrating calibration neces-
sity determination processing,

[0024] FIG. 8 is a flowchart illustrating calibration neces-
sity determination processing,

[0025] FIG. 9 is a flowchart illustrating calibration neces-
sity determination processing,

FIG. 5 is an image diagram of subject-present

[0026] FIG. 10 is an example of a normal radiation profile,
[0027] FIG. 11 is an example of abnormal radiation pro-
files,

[0028] FIG. 12 is an example of normal radiation profiles

(multiple irradiations),

[0029] FIG. 13 is an example of abnormal radiation pro-
files (multiple irradiations); and

[0030] FIG. 14 is an example of high-precision radiation
profiles (a plurality of irradiations).

DETAILED DESCRIPTION

[0031] Hereinafter, one or more embodiments of the pres-
ent invention will be described with reference to the draw-
ings. However, the scope of the invention is not limited to
the disclosed embodiments.

[0032] The radiation imaging system of the present
embodiment is a general imaging apparatus to which a bone
density measurement function by a dual-energy X-ray
absorptiometry (DXA method; Dual-energy X-ray Absorp-
tiometry) is added. Therefore, the radiation imaging system
of the present embodiment can perform not only bone
density inspection (X-ray imaging) by the dual-energy X-ray
absorptiometry but also general imaging.

[0033] Here, the general imaging is imaging for obtaining
a two dimensional radiation image for diagnosis by irradia-
tion with radiation, and the number of two dimensional
radiation images obtained by one imaging may be one or
more, that is, includes both still image imaging and moving
image imaging (dynamic imaging). Examples of the general
imaging include chest X-ray still imaging, chest X-ray
dynamic imaging, tomosynthesis, DES, and long-length
imaging. In the bone mineral density examination by the
DXA method, there is a system capable of obtaining a two
dimensional radiation image not for diagnosis but for posi-
tioning of a subject in a series of examinations, but this does
not correspond to the general imaging. This is because the
general imaging here refers to two dimensional radiation
imaging that can be used alone for diagnosis.
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[0034] First, a schematic configuration of a radiation
imaging system 100 according to the present embodiment is
described. FIG. 1 is a block diagram illustrating a radiation
imaging system 100.

[0035] As illustrated in FIG. 1, the radiation imaging
system 100 according to the present embodiment includes a
radiation generating apparatus 1, a radiation detector 2, a
console 3, and a server 4.

[0036] These are communicable with each other via a
communication network N.

[0037] Note that the radiation imaging system 100 (X-ray
imaging system 100) may be connected to a hospital infor-
mation system (HIS), a radiology information system (RIS),
a picture archiving and communication system (PACS), an
image analysis apparatus, and the like (not shown).

[0038] As shown in FIG. 2, the radiation generating appa-
ratus 1 (X-ray emitter) includes a generator, a radiation
source 11, a K-edge filter 12, a slit 13, and the like. These
are opposed to the subject H and are arranged in the order
of the slit 13, the K edge filter 12, and the radiation source
11 from the side of the subject H.

[0039] The generator applies a voltage corresponding to
preset irradiation conditions (tube voltage, tube current,
irradiation time, tube current-time product (mAs value), and
the like). When a voltage is applied from the generator, the
radiation source 11 generates radiation (for example,
X-rays) of a dose corresponding to a tube current.

[0040] The radiation generating apparatus 1 is provided
with a moving mechanism and can be fixed at a position
away from the radiation detector 2 by a predetermined
distance. The movement mechanism is provided with a
sensor, and the sensor can measure a movement distance.
[0041] The radiation source 11 (tube) generates radiation
(for example, X-rays) in a mode corresponding to a radiation
image to be captured.

[0042] The K-edge filter 12 is a filter for absorbing X-rays
in a middle range of an X-ray spectrum and separating
energy of high-energy X-rays and energy of low-energy
X-rays. That is, the K edge filter 12 functions as an energy
separation unit. For example, Gd (gadolinium) or Cu (cop-
per) is used for the K-edge filter 12.

[0043] The slit 13 is a mechanism for narrowing an X-ray
irradiation range in order to reduce a scattered-ray compo-
nent, which affects accuracy of bone density, as much as
possible. Note that since bone density changes over time,
extremely high precision is necessary, so it is necessary to
reduce the scattered-ray component as much as possible. For
example, a collimator provided in the radiation source 11
(tube) may be used, or a slit mechanism may be externally
attached to the radiation source 11.

[0044] Note that the radiation generating apparatus 1 may
be installed in an imaging room, or may be incorporated in
a movable body called a medical cart together with the
console 3 and the like.

[0045] Further, the K-edge filter 12 and the slit 13 may be
externally attached to the radiation source 11. For example,
the radiation source 11 may be provided with a loading unit
for the K-edge filter 12 and the slit 13.

[0046] An X-ray detector or a flat panel detector (FPD)
(not shown) includes a radiation detection element that
receives radiation and generates charges corresponding to
the dose of the radiation. The radiation detector 2 includes
a substrate on which pixels including switch elements to
store and release electric charge are two dimensionally (in a
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matrix) arranged. The radiation detector 2 includes a scan-
ning circuit that turns on and off each switch element and a
reading circuit that reads, as a signal value, the amount of
charge emitted from each pixel. The radiation detector 2
includes a controller that generates a radiation image from
the plurality of signal values read by the reading circuit, an
output section that outputs data and the like of the generated
radiation image to the outside, and the like.

[0047] Next, the radiation detector 2 generates a radiation
image corresponding to the emitted radiation in synchroni-
zation with the timing at which the radiation is emitted from
the radiation generating apparatus 1. The irradiation image
generation synchronization timing for synchronizing the
timing at which the radiation is emitted from the radiation
generating apparatus 1 with the timing at which the radiation
image is generated is generated by the radiation generating
apparatus 1 and sent to the radiation detector 2 via the
communication network N described later. The radiation
detector 2 generates a radiation image on the basis of the
irradiation image generation synchronization timing. Alter-
natively, the irradiation image generation synchronization
timing may be generated by the radiation detector 2 and
transmitted to the radiation generating apparatus 1 via the
communication network N, and the radiation generating
apparatus 1 may emit radiation based on the irradiation
image generation synchronization timing. Note that the
irradiation image generation synchronization timing may be
transmitted using a cable for irradiation image generation
synchronization timing separately from the communication
network N. In addition, the communication network N and
the irradiation image generation synchronization timing
cable may be integrated into one cable (communication
network/irradiation image generation synchronization tim-
ing common cable).

[0048] Note that the radiation detector 2 may incorporate
a scintillator or the like, convert the applied radiation into
light having another wavelength such as visible light by the
scintillator, and generate charges corresponding to the con-
verted light (a so-called indirect type). Furthermore, the
radiation detector 2 may generate charges directly from
radiation without involving a scintillator or the like (a
so-called direct type).

[0049] In addition, the radiation detector 2 is a portable
type (cassette type) and is loaded on an imaging stand S as
illustrated in FIG. 2. The imaging stand S is provided with
a sensor and can detect attachment and detachment of the
radiation detector 2. When the sensor detects attachment or
detachment of the radiation detector 2, information on the
attachment or detachment is transmitted to the console 3
(controller 31) via the communication network N.

[0050] Furthermore, in the present embodiment, the radia-
tion detector 2 needs to be compatible with imaging by the
DXA method (hereinafter, DXA imaging). For example, in
the case of performing imaging by moving the tube while
narrowing the X-rays with a slit to be described later
(referred to as slot imaging or the like), the X-rays are
subjected to pulse irradiation. Therefore, it is necessary that
the FPD can perform control corresponding to the pulse
irradiation (e.g., control to generate a radiation image in
synchronization with the irradiation timing of the pulse
irradiation).

[0051] The distance between the radiation source 11 and
the radiation detector 2 illustrated in FIG. 2 is referred to as
a source image receptor distance (SID). To be precise,
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Source is the focal point of the radiation source 11 that is a
tube bulb, and Image receptor is the image receiving surface
of the radiation detector 2 (FPD), so that SID is the focus-
FPD distance.

[0052] The SID can be measured using movement infor-
mation of the movement mechanism provided in the radia-
tion generating apparatus 1.

[0053] The console 3 (X-ray imaging controller) forms an
image processing apparatus or an electronic device, and
includes a PC, a dedicated device, or the like.

[0054] Furthermore, the console 3 can set various imaging
conditions (a tube voltage or a tube current, an irradiation
time, a tube current-time product (mAs value), a frame rate,
the physique of the subject H, the presence or absence of a
grid, and the like) in the imaging device or the like on the
basis of imaging order information acquired from another
system (the HIS, the RIS, or the like) or an operation by the
user.

[0055] As shown in FIG. 3, the console 3 according to the
present embodiment includes a controller 31, a communi-
cation section 32, a storage section 33, a display part 34, and
an operation part 35.

[0056] The units 31 to 35 are electrically connected to
each other by a bus.

[0057] The controller 31 includes a central processing unit
(CPU), a random access memory (RAM), and the like.
[0058] The CPU of the controller 31 reads various pro-
grams stored in the storage section 33, develops the pro-
grams in the RAM, executes various processes in accor-
dance with the developed programs, and centrally controls
the operation of each unit of the console 3.

[0059] The controller 31 functions as a hardware proces-
sor that performs a first notification related to capturing
(calibration imaging) of a calibration image by the X-ray
detector under a predetermined condition. As the hardware
processor, the controller 31 provides the first notification
each time X-ray imaging by dual-energy X-ray absorptiom-
etry is performed or when it is determined that it is necessary
to capture a calibration image. Furthermore, if a subject is
present on the imaging stand at the time of capturing of the
calibration image, the controller 31 as the hardware proces-
sor provides a second notification of this. The calibration
image will be described later.

[0060] Furthermore, the controller 31 functions as a hard-
ware processor that determines whether it is necessary to
capture a calibration image.

[0061] In addition, the controller 31 functions as a hard-
ware processor that determines whether or not a subject is
present on the imaging stand.

[0062] Note that the controller 31 causes the display part
34, which is a notifier to be described later, to provide the
first notification and the second notification.

[0063] The communication section 32 includes a commu-
nication module and the like.

[0064] The communication section 32 transmits and
receives various signals and various data to and from other
devices or the like connected via a communication network
N (a local area network (LAN), a wide area network (WAN),
the Internet, or the like).

[0065] The storage section 33 is formed with a nonvolatile
semiconductor memory, a hard disk, or the like.

[0066] The storage section 33 stores various programs to
be executed by the controller 31, parameters necessary for
the execution of the programs, and the like.
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[0067] The display part 34 includes a display device that
displays an image, such as a liquid crystal display (LCD) or
a cathode ray tube (CRT), a lamp (such as an LED) that
emits light, a speaker that outputs sound, a vibrator that
vibrates, and the like.

[0068] Note that the display part 34 functions as a notifier.
[0069] Furthermore, as illustrated in FIG. 2, a notifier A
such as a warning lamp or a speaker may be provided on the
imaging stand S.

[0070] The operation part 35 includes a keyboard includ-
ing cursor keys, numeric input keys, various function keys,
and the like, a pointing device such as a mouse, a touch panel
stacked on a surface of a display device, and the like.
[0071] Then, the operation part 35 outputs a control signal
corresponding to the operation performed by the user to the
controller 31.

[0072] The controller 31 of the console 3 configured in
such a manner has a function of executing calibration
necessity determination processing as illustrated in FIG. 6 to
FIG. 9, for example, triggered by loading of the radiation
detector 2 on the imaging stand S.

[0073] The server 4 is constituted by a PC, a dedicated
device, a virtual server on a cloud, or the like.

[0074] Further, the server 4 includes a database 41.
[0075] The database 41 stores information on an imaging
method and individual information on the FPD.

[0076] Note that although the database 41 is provided in
the server 4 independent of the console 3 and the like in the
present embodiment, the database 41 may be provided in the
console 3 or in another apparatus included in the radiation
imaging system 100.

[0077] In a case where another system such as a PACS is
connected to the radiation imaging system 100, it may be
provided in another system.

[0078] The radiation imaging system 100 is further pro-
vided with a detection device 5 that detects whether or not
the subject H exists on the subject table T. The detection
device 5 is, for example, a camera, a gravity sensor, or a
laser. When the detection device 5 is a camera, the subject
table T is photographed by the camera. The controller 31 of
the console 3 determines, using the captured image, whether
the subject H exists. In a case where the detection device 5
is a gravity sensor, the gravity sensor is provided on the
subject table T. By detecting the movement of the subject
table T, it is determined whether the subject H exists on the
subject table T. Furthermore, when the detection device 5 is
a laser, the detection device 5 detects reflected light of laser
light from the subject H. From the detection result of the
reflected light, it is determined whether the subject H exists
on the subject table T.

[0079] In the radiation imaging system 100 according to
the present embodiment configured as described above, the
radiation source of the radiation generating apparatus 1 and
the radiation detector 2 are disposed to face each other with
a gap therebetween. A radiation image of the subject H can
be captured by irradiating the subject H disposed therebe-
tween with radiation from the radiation source.

[0080] In a case where the radiation image is a still image
(still image imaging; general imaging), irradiation of radia-
tion and generation of a radiation image are performed only
once per one imaging operation. In a case where the radia-
tion image is a moving image (dynamic imaging; serial
imaging), the emission of pulsed radiation and the genera-

Oct. 17,2024

tion of a frame image are repeated a plurality of times in a
short time (for example, 15 times per second) for each
imaging operation.

[0081] In imaging by the DXA method, scan imaging is
performed by moving an irradiation range ROI (region of
interest) narrowed by the slit 13 with respect to the subject
H by linearly moving the radiation source 11 as indicated by
an arrow shown in FIG. 2.

[0082] Here, the DXA method will be described with
reference to FIG. 4 and FIG. 5.

[0083] The DXA method is a method in which radiation
rays having two types of energy (high kV and low kV) are
applied to a portion to be measured, and an intended
physical quantity of the portion to be measured is calculated
from the amount of measured radiation rays (a radiation
image). For example, in the DXA method, a bone part and
other soft tissues are distinguished from each other, and the
thickness of the bone part is calculated and measured as a
target physical amount. In the DXA method, calibration
imaging (imaging without a subject) in a state in which the
subject H is not placed on the imaging stand S and imaging
with a subject in a state in which the subject H is placed on
the imaging stand S are performed. In each of the imaging
without a subject and the imaging with a subject, imaging
using high-energy radiation and imaging using low-energy
radiation are performed. An image captured in the calibra-
tion imaging is referred to as a calibration image.

[0084] FIG. 4 is an image diagram of imaging without a
subject. To be specific, FIG. 4 is an image diagram in which
image information I, is detected by the radiation detector
2 in imaging using high-energy radioactive rays (high), and
image information I, is detected by the radiation detector 2
in imaging using low-energy radioactive rays (low).
[0085] FIG. 5 is an image diagram of subject-present
imaging. Specifically, in the subject-present imaging shown
in FIG. 5, the radiation passes through the subject H. The
subject H includes a bone part HB and a soft tissue HS other
than the bone part. FIG. 5 is an image diagram in which
image information I is detected in the radiation detector 2
in imaging using high-energy radiation (high), and image
information I, is detected in the radiation detector 2 in
imaging using low-energy radiation (low).

[0086] Note that the energy of radiation used in the
imaging without a subject illustrated in FIG. 4 and the
imaging with a subject illustrated in FIG. 5 is the same as
radiation (high) in the case of high energy and radiation
(low) in the case of low energy.

[0087] The linear absorption coefficients 15, of the bone
HB in imaging using high-energy radiation (high), the linear
absorption coefficients i, of the bone HB in imaging using
low-energy radiation (low), the linear absorption coefficients
Lsz of the soft tissue HS in imaging using high-energy
radiation (high), and the linear absorption coefficients L, of
the soft tissue HS in imaging using low-energy radiation
(low) are known.

[0088] Further, the thickness t; of the bone portion HB and
the thickness t, of the soft tissue HS are unknown. By using
the following expressions, it is possible to calculate the
unknown thickness tz of the bone part HB and the thickness
t, of the soft tissue HS.

[0089] Formula (1) is an expression representing the rela-
tionship between image information I, , and image informa-
tion I,.
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1y, = Ioexp(—pprtp — Psis) M

[0090] Formula (2) is a formula representing the relation-
ship between image information I,,, and image information

I,
Iy = Iroexp(—psr s — PsHls) @

[0091] Formula (3) is a formula in which Formula (1) and
Formula (2) are combined and represented by a matrix.

- ln(IIL_Lo) _ ( MBL  HsL )( IB) ¥
s

HBH HsH

[0092] Formula (4) is a formula for calculating the thick-
ness t, of the bone part HB and the thickness t, of the soft
tissue HS by solving Formula (3).

_([B ) - ( HBL HsL )’1 ln(IIL_LO) <

iy HaH  HSH

[0093] In the DXA method, X-rays of two different types
of energy, i.e., high energy and low energy, are irradiated,
and the bone density is measured based on the difference in
absorptivity between bone and soft tissue. Therefore, for
example, in the forward path, scanning imaging is per-
formed with the tube voltage of the radiation source 11 set
to 70 kV and the K edge filter 12 set to (Gd, there is a method
in which in the return path, the tube voltage of the source 11
is set to 110 kV, the K edge filter 12 is set to Cu, and the
reciprocal scanning imaging is performed.

[0094] The imaging method may be a method of perform-
ing unidirectional scan imaging while switching the tube
voltage of the radiation source 11 and the K-edge filter 12 for
each irradiation range ROL

[0095] Further, the radiation source 11 performs pulse
irradiation for each irradiation range ROI. This is because
the influence of scattered radiation increases when the
imaging range is exposed once, and the accuracy of the bone
density is affected. Therefore, the influence of the scattered
rays can be reduced by narrowing the irradiation range ROI
using a slit and performing pulse irradiation for each irra-
diation range ROL

[0096] The irradiation range ROI on the radiation detector
2 is determined by the width of the slit 13 and the SID.

<Calibration Necessity Determination Processing>

[0097] Next, the calibration necessity determination pro-
cessing will be described with reference to the flowcharts of
FIG. 6 to FIG. 9. The calibration necessity determination
processing is processing for determining that calibration
imaging is necessary in a case where imaging to be per-
formed is DXA imaging.
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[0098] The flowchart illustrated in FIG. 6 is an example of
calibration necessity determination processing in which a
calibration image is captured each time X-ray imaging by
the DXA method is performed.

[0099] The flowchart illustrated in FIG. 7 is an example of
the calibration necessity determination processing for per-
forming the capturing of the calibration image when it is
determined that the capturing of the calibration image is
necessary.

[0100] The flowchart illustrated in FIG. 8 is an example of
calibration necessity determination processing in which a
calibration image is captured each time X-ray imaging by
the DXA method is performed and the capturing of the
calibration image is performed after the X-ray imaging by
the DXA method.

[0101] The flowchart illustrated in FIG. 9 is a calibration
necessity determination process of performing the capturing
of the calibration image in a case where it is determined that
the capturing of the calibration image is necessary and is an
example in which the capturing of the calibration image is
performed after the X-ray imaging by the DXA method.
[0102] The calibration necessity determination process
will be described with reference to the flowchart of FIG. 6.
[0103] Triggered by the start of the examination by the
user, the controller 31 determines, from the imaging order
information acquired from the RIS or the like, whether the
imaging to be performed is DXA imaging (step S1). In a case
where the DXA imaging is performed (step S1; YES), the
controller 31 advances the calibration necessity determina-
tion process to step S2. When the DXA imaging is not
performed (step S1; NO), the controller 31 ends the cali-
bration necessity determination processing.

[0104] Next, the controller 31 allows the display part 34 to
provide a notification that calibration imaging is necessary
(step S2; first notification step).

[0105] Next, the controller 31 determines whether the
subject H is placed on the subject table T (step S3). When
it is placed (step S3; YES), the controller 31 advances the
calibration necessity determination processing to step S4.
When it is not placed (step S3; NO), the controller 31
advances the calibration necessity determination processing
to step S5.

[0106] Next, the controller 31 allows the display part 34 to
provide a notification that the subject H needs to be brought
into a state of not being placed on the subject table T in order
to perform calibration imaging (step S4; second notification
step).

[0107] Next, the controller 31 performs calibration imag-
ing (step S5).

[0108] Next, the controller 31 executes DXA imaging
(imaging with the subject) (step S6).

[0109] Next, the controller 31 calculates physical quanti-
ties using the radiation images captured in the step S5 and
step S6 (step S7). Then, the controller 31 ends the calibration
necessity determination process.

[0110] The calibration necessity determination processing
will be described with reference to the flowchart of FIG. 7.
[0111] Triggered by the start of the examination by the
user, the controller 31 determines, from the imaging order
information acquired from the RIS or the like, whether the
imaging to be performed is DXA imaging (step S11). In a
case where the DXA imaging is performed (step S11; YES),
the controller 31 advances the calibration necessity deter-
mination process to step S12. In a case where the DXA
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imaging is not performed (step S11; NO), the controller 31
ends the calibration necessity determination process.
[0112] Next, the controller 31 determines whether the SID
has not changed since the last calibration imaging (step
S12). When the controller 31 determines that the SID has not
changed (step S12; YES), the controller 31 advances the
calibration necessity determination processing to step S13.
In a case where the SID is changed (step S12; NO), the
controller 31 advances the calibration necessity determina-
tion process to step S14.

[0113] Next, the controller 31 determines whether the FPD
has not been attached or detached since the previous cali-
bration imaging (step S13). When the controller 31 deter-
mines that the FPD is not attached or detached (step S13;
YES), the controller 31 advances the calibration necessity
determination processing to step S18. When the FPD is
attached or detached (step S13; NO), the controller 31
advances the calibration necessity determination processing
to step S14.

[0114] Next, the controller 31 allows the display part 34 to
provide a notification that calibration imaging is necessary
(step S14; first notification step).

[0115] Next, the controller 31 determines whether the
subject H is placed on the subject table T (step S15). When
it is placed (step S15; YES), the controller 31 advances the
calibration necessity determination processing to step S16.
When it is not placed (step S15; NO), the controller 31
advances the calibration necessity determination processing
to step S17.

[0116] Next, the controller 31 allows the display part 34 to
provide a notification that the subject H needs to be brought
into a state of not being placed on the subject table T in order
to perform calibration imaging (step S16; second notifica-
tion step).

[0117] Next, the controller 31 performs calibration imag-
ing (step S17).
[0118] Next, the controller 31 executes DXA imaging

(imaging with the subject) (step S18).

[0119] Next, the controller 31 calculates physical quanti-
ties using the radiation images captured in the previous
calibration imaging or step S17 and step S18 (step S19).
Then, the controller 31 ends the calibration necessity deter-
mination process.

[0120] In the above-described flow, it is determined
whether or not the SID has changed since the previous
calibration imaging, and whether or not the FPD has been
attached or detached since the previous calibration imaging,
but the present invention is not limited thereto. The infor-
mation to be determined includes changes in various states
in the period from the previous calibration imaging to the
capturing of the subject image, which affect the positional
relationship between the radiation source 11 and the radia-
tion detector 2.

[0121] The calibration necessity determination process
will be described with reference to the flowchart of FIG. 8.
[0122] Since steps S21 to S24 are the same as steps S1 to
S4 of FIG. 6, description thereof will be omitted.

[0123] Next, the controller 31 executes DXA imaging
(imaging with the subject) (step S25).

[0124] Next, the controller 31 associates the radiation
image captured in step S25 with the temporary calibration
image, and calculates temporary physical quantities (step
S26).
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[0125] Next, the controller 31 performs calibration imag-
ing (step S27).
[0126] Next, the controller 31 calculates a physical quan-

tity using the radiation image captured in step S25 and step
S27 (step S28). Then, the controller 31 ends the calibration
necessity determination process.

[0127] The calibration necessity determination process
will be described with reference to the flowchart of FIG. 9.
[0128] Since steps S31 to S36 are the same as steps S11 to
S16 of FIG. 7, description thereof will be omitted.

[0129] Next, the controller 31 executes DXA imaging
(imaging with the subject) (step S37).

[0130] Next, the controller 31 associates the radiation
image captured in step S37 with the temporary calibration
image, and calculates temporary physical quantities (step
S38).

[0131] Next, the controller 31 performs calibration imag-
ing (step S39).
[0132] Next, the controller 31 calculates physical quanti-

ties using the radiation images captured in the step S37 and
S39 (step S310). Then, the controller 31 ends the calibration
necessity determination process.

[0133] If the controller 31 determines YES in step S31,
S32, and S33, the controller 31 executes DXA imaging
(imaging with a subject) (step S311).

[0134] Next, the controller 31 calculates physical quanti-
ties using the radiation images captured in the previous
calibration imaging and step S311 (step S312). Then, the
controller 31 ends the calibration necessity determination
process.

[0135] Generally, as illustrated in FIG. 6 or 7, in a case
where the calibration imaging is performed, the imaging
with the subject is performed after the calibration imaging.
[0136] However, there are also cases where subject-pres-
ent imaging is desired to be performed before calibration
imaging. In this case, the bone density or the like cannot be
calculated immediately after the imaging with the subject.
[0137] Therefore, in a case where the imaging with the
subject is desired to be performed before the calibration
imaging, as illustrated in FIG. 8 or 9, the image with the
subject and the temporary calibration image may be calcu-
lated in association with each other after the imaging with
the subject. In such a manner, a provisional calculation result
can be obtained, it can be confirmed whether the imaging
with the subject has been correctly performed before the
calibration imaging, and a risk that the patient leaves
although the imaging with the subject has not been correctly
performed can be reduced. Then, later, calibration imaging
is performed, the image is re-associated with an image with
a subject, and calculation is performed, so that a normal
calculation result can be obtained.

[0138] As the above-described temporary calibration
image, a certain standard value, a calculated value calculated
from the weight of the patient or the like, or a value of
another examination can be used.

[0139] Note that although the controller 31 causes the
display part 34 of the console 3 to provide the notification in
the processing illustrated in FIG. 6 to FIG. 9 described
above, it is desirable to cause the display part provided in the
imaging room to provide the notification. In general, the
console 3 is disposed in an operation room outside the
imaging room. Examples of the display part provided in the
imaging room include a display part attached to the radiation
generating apparatus 1 and a display monitor connected to
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the communication network N and disposed in the imaging
room. The display part attached to the radiation generating
apparatus 1 includes, for example, a display part attached to
the radiation source 11. It is desirable that the display
monitor connected to the communication network N and
arranged in the imaging room is arranged, for example, in a
portion (the radiation source 11 or the like) of which the
arrangement is changed by the operation of changing the
SID or the subject table T (imaging stand).

<Devised Example of Calibration Imaging>

[0140] Next, a devised example of the calibration imaging
will be described.

[0141] For example, the controller 31 can detect an abnor-
mality in the settings of the radiation generating apparatus 1
(the radiation source 11, the K edge filter 12, and the slit 13)
and the radiation detector 2 by confirming an abnormality in
the X-ray profile during calibration imaging.

[0142] In the following description, the radiation profile
will be described using, as an example, a profile of signal
values detected on a certain straight line parallel to the sheet
surface of the irradiation range ROI in FIG. 2. The horizon-
tal axis of the radiation profile is a position on a certain
straight line, and the vertical axis is a detected signal value.
[0143] FIG. 10 is an example of a normal radiological
profile P1. Since the state in which the irradiation range ROI
of the radiation detector 2 is uniformly irradiated with the
radioactive rays from the radiation source 11 is a normal
state, the maximum value of the signal value is constant in
the radiation profile P1.

[0144] On the other hand, FIG. 11 is an example of
abnormal radiation profiles P2, P3, and P4. The maximum
value of the signal value is not constant in the radiation
profile P2, P4. In the radiation profile P2, the signal value
gradually increases from the right side to the left side (or
from the left side to the right side) of the sheet surface of the
irradiation range ROI of the radiation detector 2 of FIG. 2.
In the radiation profile P4, the signal values undulate.
Furthermore, in the radiation profile P3, disturbance occurs
in the signal value.

[0145] The abnormal radiation profiles P2, P3, and P4 as
described above occur, for example, in a case where the
radiation source 11, the K edge filter 12, and the slit 13 are
not aligned on a radiation irradiation axis.

[0146] Furthermore, during calibration imaging, the con-
troller 31 can detect the speed accuracy and dose variation
of the radiation source 11 in scanning imaging and streak
unevenness/gain unevenness of the radiation detector 2.
[0147] In the scan imaging, it is necessary that the radia-
tion profiles detected for each irradiation range ROI have the
same shape, and the radiation profiles overlap each other at
a certain position. This is because the radiation profiles
detected for each irradiation range ROI are combined.
[0148] FIG. 12 is an example of normal radiological
profiles P5, P6, and P7 (multiple irradiations). On the other
hand, FIG. 13 is an example of abnormal radiation profiles
P8, P9, and P10 (a plurality of irradiations). In FIG. 12 and
FIG. 13, the profiles are shifted from each other, but actually,
the profiles are arranged in a state in which the lower limit
values of the profiles are aligned.

[0149] In a case where the speed of the radiation source 11
is too high in the scan imaging, as illustrated in FI1G. 13, the
profiles do not overlap with each other, and cannot be
combined.
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[0150] When the dose of the radiation source 11 varies
depending on the position in scan imaging, the profiles have
different shapes and cannot be combined correctly.

[0151] If the radiation detector 2 has a problem (e.g., low
detectability at a certain place), the shapes of the profiles are
different and cannot be combined correctly. The faulty part
occurs as unevenness.

[0152] Furthermore, as described above, in the scan imag-
ing, it is necessary that the radiation profiles detected for the
respective irradiation ranges ROI have the same shape and
the radiation profiles overlap each other at a certain position.
Under such circumstances, accuracy of the calibration image
can be improved by increasing the overlapping portion of
the radiation profiles.

[0153] Specifically, as illustrated in FIG. 14, a large over-
lapping portion is provided as compared with FIG. 12.
[0154] Further, the controller 31 may determine the imag-
ing condition of the calibration imaging based on the patient
information. In the imaging with a subject, the imaging
conditions are divided into subject (large), subject (middle),
and subject (small), and on the premise that the larger the
physique, the higher the dose, in the calibration imaging as
well, highly accurate measurement results are obtained by
matching with the imaging conditions of the imaging with a
subject. That is, when the imaging conditions of the cali-
bration imaging and the imaging with the subject are the
same, the accuracy is higher than that in a case where the
calculation is performed later by conversion.

[0155] In addition, in steps S1, S11, S21, and S31 of FIG.
6 to FIG. 9, in a case where it is determined that the DXA
imaging is performed, the controller 31 displays the DXA
inspection screen on the display part 34, but at that time, an
auto-positioning button for imaging without a subject may
be displayed on the DXA inspection screen. When the
auto-positioning button for imaging without a subject is
pressed by the user, the radiation generating apparatus 1
moves to the home position for calibration imaging.
[0156] Thus, it is possible to reduce the time and effort of
the user (engineer) and improve the efficiency of the work-
flow.

<Others>

[0157] Furthermore, a suppressing unit that suppresses a
change in the state of the radiation generating apparatus 1
and/or the radiation detector 2 after the capturing of the
calibration image may be provided. Specifically, the sup-
pression means is means for suppressing attachment and
detachment of the radiation detector 2 to and from the
imaging stand S and change of the SID.

[0158] The suppression means is, for example, means for
electromagnetically locking the radiation source 11 so that
the distance cannot be changed in the SID direction so that
the SID cannot be changed, after the capturing of the
calibration image is completed. In this case, when the
distance is changed in the SID direction, the user is neces-
sary to intentionally perform an action (e.g., operation of the
console 3) for releasing the electromagnetic lock. As another
example, the suppression unit may be, for example, a unit
that electromagnetically locks an insertion port for attaching
and detaching the FPD so as to make it difficult to attach and
detach the FPD to and from the bucky when the capturing of
the calibration image is completed. In this case, when the
FPD is attached or detached, the user needs to perform an
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action (for example, an operation of the console 3) for
intentionally releasing the electromagnetic lock.

[0159] Note that in the first notification step and the
second notification step, the controller 31 may cause the
display part 34 to provide not only the notification that
calibration imaging is necessary but also a notification that
calibration imaging may be performed after DXA imaging
(imaging with a subject).

[0160] Further, in the second notification step, the con-
troller 31 may cause the display part 34 to perform the
notification after prohibiting the subject-present imaging.
Specifically, while the presence of the subject H can be
confirmed by the detection device 5 included in the radiation
imaging system 100, the controller 31 performs the notifi-
cation after prohibiting the calibration imaging. Thus, it is
possible to prevent the user from erroneously performing
calibration imaging in a state where the subject H is on the
imaging stand S.

[0161] In addition, in the flowcharts of FIG. 7 and FIG. 9,
there are steps of determining the SID change and the
attachment/detachment of the FPD, but the present invention
is not limited thereto.

[0162] For example, it may be determined whether or not
the angle information (+panel angle) of the tube is appro-
priate. Although there may be a case where the tube is
inclined depending on the state of the previous imaging, by
doing so, it is possible to prevent the imaging from being
started at an angle other than the predetermined angle,
resulting in useless imaging.

[0163] Insome cases, the controller 31 needs to control the
tube voltage kV, the tube current, and the tube current-time
product mAs value with higher accuracy than the specifi-
cations of the radiation generating apparatus 1. Therefore,
the radiation source 11 is provided with a dosimeter or a
means for transmitting dose information from the radiation
generating apparatus 1 is used. The dose information may be
input to the console 3 using the means, and the variation in
the signal value on the image due to the variation in the dose
may be corrected. Although the radiation generating appa-
ratus 1 cannot perform irradiation with accuracy necessary
in DXA imaging in many cases, an effect equivalent to
irradiation with the same dose can be obtained in this
manner. Note that as an alternative to the dosimeter, the dose
information output by the radiation generating apparatus 1
may be used.

[0164] In addition, the controller 31 may derive a source
skin distance (SSD; a distance from a tube focus to the
surface of the subject H) by a visible light camera and/or a
distance measuring sensor (distance measuring camera)
attached to the tube (radiation source 11) or the collimator.
For example, the controller 31 may subtract the SSD from
the SID acquired from the mechanical arrangement infor-
mation of the radiation generating apparatus 1 to obtain the
body thickness and use the body thickness for scattered
radiation correction (when the body thickness is large, it is
necessary to increase the dose, and as a result, scattered
radiation also increases, and therefore, more correction is
necessary). Further, the SSD may be used for automatic
derivation of the imaging condition.

<Effects>

[0165] As described above, the X-ray imaging system (the
radiation imaging system 100) can appropriately perform an
X-ray imaging system capable of performing X-ray imaging
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by dual-energy X-ray absorptiometry and general imaging,
the X-ray imaging system comprising: an X-ray emitter
(radiation generating apparatus 1) capable of individually
emitting a plurality of X-rays having different energies; a
portable X-ray detector (radiation detector 2) that captures
an X-ray image based on the X-rays emitted by the X-ray
emitter; and a hardware processor (console 3; particularly,
controller 31) that provides a first notification regarding
capturing of a calibration image by the X-ray detector under
predetermined conditions, wherein the hardware processor
provides the first notification each time X-ray imaging by
dual-energy X-ray absorptiometry is performed or when it is
determined that capturing of a calibration image is neces-
sary, thereby suitably performing calibration in an X-ray
imaging system capable of performing X-ray imaging by
dual-energy X-ray absorptiometry and general imaging.
[0166] Furthermore, the X-ray imaging system (the radia-
tion imaging system 100) includes the hardware processor
(the controller 31) that determines whether it is necessary to
capture a calibration image, and the hardware processor
determines whether it is necessary to capture a calibration
image on the basis of a change in the state of the X-ray
emitter and/or the X-ray detector, thus allowing prevention
of the state of the X-ray emitter and/or the X-ray detector
from becoming unsuitable for imaging by the DXA method.
[0167] In addition, since the correlation between the cap-
turing of the calibration image and the capturing of the
subject image can be changed, in a case where the capturing
of the image with a subject is performed first, the calibration
image can be correlated again later.

[0168] In addition, the X-ray imaging system (the radia-
tion imaging system 100) includes the hardware processor
(the controller 31) that determines whether or not the subject
is present on the imaging stand, and the hardware processor
further performs the second notification in a case where the
subject is present on the imaging stand at the time of
capturing of the calibration image, and thus it is possible to
prevent imaging in a state unsuitable for capturing of the
calibration image.

[0169] Furthermore, the X-ray imaging control apparatus
(the console 3) can appropriately perform an X-ray imaging
control apparatus (console 3) in an X-ray imaging system
that performs X-ray imaging by dual-energy X-ray absorp-
tiometry and general imaging by an X-ray emitter (radiation
generating apparatus 1) that can individually irradiate a
plurality of X-rays having different energies and a portable
X-ray detector (radiation detector 2) that captures an X-ray
image based on the X-rays irradiated by the X-ray emitter,
the X-ray imaging control apparatus comprising: a hardware
processor that provides a first notification regarding captur-
ing of a calibration image by the X-ray detector under a
predetermined condition, wherein the hardware processor
provides a notification each time X-ray imaging by dual-
energy X-ray absorptiometry is performed or provides the
first notification when it is determined that capturing of the
calibration image is necessary, thereby enabling X-ray imag-
ing by dual-energy X-ray absorptiometry and general imag-
ing.

[0170] Furthermore, an X-ray imaging method using an
X-ray imaging system (radiation imaging system 100)
capable of performing X-ray imaging by dual-energy X-ray
absorptiometry and general imaging by an X-ray emitter
(radiation generating device 1) capable of individually emit-
ting a plurality of X-rays having different energies and a
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portable X-ray detector (radiation detector 2) for imaging an
X-ray image based on the X-rays emitted by the X-ray
emitter, the X-ray imaging system comprising: a control step
of providing a first notification regarding capturing of a
calibration image by the X-ray detector under predetermined
conditions, wherein the control step provides the notification
each time X-ray imaging by dual-energy X-ray absorptiom-
etry is performed or provides the first notification when it is
determined that capturing of the calibration image is nec-
essary, thereby, in an X-ray imaging system capable of
performing X-ray imaging by dual-energy X-ray absorpti-
ometry and general imaging, calibration can be suitably
performed.

[0171] Furthermore, the program can suitably implement
a computer of an X-ray imaging control apparatus (console
3) in an X-ray imaging system (radiation imaging system
100) which performs X-ray imaging by dual-energy X-ray
absorptiometry and general imaging by an X-ray emitter
(radiation generating apparatus 1) which can individually
irradiate a plurality of X-rays having different energies and
a portable X-ray detector (radiation detector 2) which cap-
tures an X-ray image based on the X-rays irradiated by the
X-ray emitter, wherein the computer is caused to function as
a hardware processor (controller 31) that provides a first
notification regarding capturing of a calibration image by an
X-ray detector under predetermined conditions, and the
hardware processor provides the notification each time
X-ray imaging by dual-energy X-ray absorptiometry is
performed or provides the first notification when it is deter-
mined that capturing of the calibration image is necessary,
thereby, in an X-ray imaging system capable of performing
X-ray imaging by dual-energy X-ray absorptiometry and
general imaging, calibration can be suitably performed.
[0172] Hereinabove, the present invention has been spe-
cifically described with reference to the embodiments, but
the present invention is not limited to the above-described
embodiments and can be modified without departing from
the spirit and scope thereof.

[0173] Forexample, in the above embodiment, the console
3 has the function of executing the at-imaging process.
However, another apparatus included in the radiation imag-
ing system 100 or another system connected to the radiation
imaging system 100 may have a function of executing the
processing at the time of imaging or a function of executing
a part of the processing at the time of imaging.

[0174] In addition, although the X-ray imaging system
capable of performing X-ray imaging by the dual-energy
X-ray absorptiometry and general imaging has been
described above, an imaging function other than these two
imaging functions may be mounted. Furthermore, for
example, the imaging apparatus may be a DXA imaging
apparatus implemented by a fluoroscopy apparatus.

[0175] Further, in the above description, an example in
which a semiconductor memory or a hard disk is used as a
computer-readable medium of the program according to the
present invention has been disclosed, but the present inven-
tion is not limited to this example.

[0176] As other computer-readable media, a nonvolatile
memory such as a flash memory and a portable recording
medium such as a CD-ROM can be applied.

[0177] As a medium for providing data of the program
according to the present invention via a communication line,
a carrier wave is also applied to the present invention.
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[0178] Although embodiments of the present invention
have been described and illustrated in detail, the disclosed
embodiments are made for purposes of illustration and
example only and not limitation. The scope of the present
invention should be interpreted by terms of the appended
claims.

What is claimed is:

1. An X-ray imaging system capable of performing X-ray
imaging by dual-energy X-ray absorptiometry and general
imaging, the X-ray imaging system comprising:

an X-ray emitter capable of individually emitting a plu-

rality of X-rays having different energies;

a portable X-ray detector that captures an X-ray image

based on an X-ray emitted by the X-ray emitter; and
a hardware processor that provides, under a predeter-
mined condition, a first notification related to capturing
of a calibration image by the X-ray detector, wherein

the hardware processor provides the first notification each
time X-ray imaging by the dual-energy X-ray absorp-
tiometry is performed or when capturing of the cali-
bration image is determined to be necessary.

2. The X-ray imaging system according to claim 1,
wherein the calibration image is an image captured by the
X-ray detector in a state in which no subject is present
between the X-ray emitter and the X-ray detector.

3. The X-ray imaging system according to claim 1,
wherein the hardware processor determines whether or not
capturing of the calibration image is necessary, based on a
change in a state of the X-ray emitter and/or the X-ray
detector.

4. The X-ray imaging system according to claim 3,
wherein the change in the state is a change in a period from
previous capturing of the calibration image to capturing of
a subject image.

5. The X-ray imaging system according to claim 3,
wherein the change in the state is a change in a distance
between the X-ray emitter and the X-ray detector.

6. The X-ray imaging system according to claim 3,
wherein the change in the state is attachment or detachment
of the X-ray detector to or from an imaging stand.

7. The X-ray imaging system according to claim 3,
wherein, when the hardware processor determines that cap-
turing of the calibration image is not necessary, the hardware
processor does not provide the first notification.

8. The X-ray imaging system according to claim 1,
wherein an association between capturing of the calibration
image and capturing of a subject image is changeable.

9. The X-ray imaging system according to claim 1,
wherein the hardware processor causes a notifier provided in
an X-ray imaging controller that controls X-ray imaging
and/or an imaging stand to execute the first notification.

10. The X-ray imaging system according to claim 1,
wherein

the hardware processor determines whether a subject is

present on an imaging stand, and

the hardware processor further provides a second notifi-

cation that the subject is present on the imaging stand
when the subject is present on the imaging stand at a
time of capturing the calibration image.

11. The X-ray imaging system according to claim 10,
wherein the hardware processor determines whether the
subject is present on the imaging stand using at least one of
a camera, a gravity sensor, a captured image, and a laser.
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12. The X-ray imaging system according to claim 10,
wherein, when the subject is present on the imaging stand at
the time of capturing the calibration image, the hardware
processor provides, in the second notification, a notification
that the calibration image may be captured after a subject
image is captured.

13. An X-ray imaging control apparatus in an X-ray
imaging system that performs X-ray imaging by dual-energy
X-ray absorptiometry and general imaging by using an
X-ray emitter capable of individually emitting a plurality of
X-rays having different energies and a portable X-ray detec-
tor that captures an X-ray image based on an X-ray emitted
by the X-ray emitter, the X-ray imaging control apparatus
comprising

a hardware processor that provides a first notification

related to capturing of a calibration image by the X-ray

detector under a predetermined condition, wherein
the hardware processor provides the first notification each

time the X-ray imaging by the dual-energy X-ray
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absorptiometry is performed, or when capturing of the
calibration image is determined to be necessary.

14. An X-ray imaging method using an X-ray imaging
system capable of performing X-ray imaging by dual-energy
X-ray absorptiometry and general imaging by an X-ray
emitter capable of individually emitting a plurality of X-rays
having different energies and a portable X-ray detector that
captures an X-ray image based on an X-ray emitted by the
X-ray emitter, the X-ray imaging method comprising

providing, under a predetermined condition, a first noti-
fication related to capturing of a calibration image by
the X-ray detector, wherein

the first notification is provided each time X-ray imag-
ing by the dual-energy X-ray absorptiometry is per-
formed or when capturing of the calibration image is
determined to be necessary.
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