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DYNAMIC IMAGING QUALITY CONTROL
DEVICE, STORAGE MEDIUM AND
DYNAMIC IMAGING QUALITY CONTROL
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present invention claims priority under 35
US.C. § 119 to Japanese Patent Application No. 2021-
076006 filed on Apr. 28, 2021, and Japanese Patent Appli-
cation No. 2021-099249 filed on Jun. 15, 2021, the entire
content of which is incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a dynamic imag-
ing quality control device, a storage medium, and a dynamic
imaging quality control method.

BACKGROUND

[0003] Various techniques have been proposed for carry-
ing out quality control (QC) and quality assurance (QA) of
still image radiography.

[0004] For example, JP2008-283531A discloses a radio-
graphic image reading system that performs arithmetic pro-
cessing with image data obtained by radiographing a QC
phantom. Through the processing, the system evaluates
accuracy of displayed dimension, linearity, clarity, and so
forth to determine whether the evaluation results of these
evaluation items exceed their respective thresholds. On the
basis of the determination, the system determines whether
the respective evaluation items are “PASS” or “FAIL”.
[0005] Further, “The Simple Check QC: Quality Control
Program for Computed Radiography”, Tsuyoshi Haraguchi
et al, KONICA MINOLTA TECHNOLOGY REPORT Vol.
6, pp. 69-72, 2009, discloses a QC program. According to
the program, a QC phantom is imaged; all examination items
including detector response are analyzed by automatic com-
puting; decisions are made whether the computed values are
within a control range; and a user is notified of the judge-
ment result.

SUMMARY

[0006] Recently, various devices have been developed for
performing dynamic imaging, in which a subject is continu-
ously irradiated with radiation to obtain a dynamic image
consisting of multiple frame images.

[0007] Like still imaging, it is preferable that dynamic
imaging maintain a certain quality level to prevent problems
such as misdiagnosis by doctors, increased burdens on
radiologists, and retaking of images that leads to an increase
in exposure dose of patients. However, QC and QA of
dynamic imaging, which is rather a new technology in
medical fields, has not been fully researched and developed.
[0008] For example, periodic QC after the delivery of an
imaging device is often done manually and individually by
radiologists. As the information regarding QC of dynamic
imaging ranges widely as compared with that of still imag-
ing, QC of dynamic imaging requires improvement in its
operational efficiency.

[0009] Dynamic imaging consecutively obtains multiple
frame images, whereas still imaging obtains only a single
frame image. Dynamic imaging therefore requires longer
irradiation time, which may lead to insufficient cooling of a
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radiation source. The unreleased heat may increase the
temperature of the radiation source.

[0010] As the temperature of the radiation source
increases, the radiation dose emitted by the radiation source
increases/decreases (changes) with the passage of time. As
a result, the pixel values read by the radiation detector on the
basis of the radiation dose increase/decrease.

[0011] In one time of dynamic imaging, multiple frame
images are obtained. To reduce the exposure dose of an
examinee, the dose per frame in dynamic imaging is lower
than that in still imaging. When the dose of radiation passing
through the examiner is low, pixel values read by the
radiation detector may contain relatively large noise. Such
noise is allowed to some extent as a trade-off for the
reduction of the exposure dose.

[0012] Even if a dynamic image includes noise that would
not be desirable for still image diagnosis (diagnoses using a
single frame image), such a dynamic image is usable for
diagnosis as long as it retains such a quality that allows
dynamic analysis or observation of the dynamic state.
[0013] Thus, QC/QA of dynamic imaging and still imag-
ing needs to be done in different points of view (QC and QA
of still imaging is not sufficient for dynamic imaging).
[0014] The present invention has been conceived in view
of the above issues. An object of the present invention is to
appropriately perform quality control of dynamic imaging in
which multiple frame images are obtained.

[0015] To achieve the above object, according to an aspect
of the present invention, there is provided a dynamic imag-
ing quality control device that performs quality control of
dynamic imaging in which a dynamic state of a subject is
imaged by irradiating the subject with radiation, the device
including a hardware processor that generates quality infor-
mation regarding a quality of the dynamic imaging by using
at least two frame images among multiple frame images
constituting a dynamic image obtained by the dynamic
imaging and outputs the quality information.

[0016] According to an aspect of the present invention,
there is provided a non-transitory computer-readable storage
medium storing a dynamic imaging quality control program
for performing quality control of dynamic imaging in which
a dynamic state of a subject is imaged by irradiating the
subject with radiation, the program causing a computer to:
[0017] generate quality information regarding a quality of
the dynamic imaging by using at least two frame images
among multiple frame images constituting a dynamic image
obtained by the dynamic imaging, and output the quality
information.

[0018] According to another aspect of the present inven-
tion, there is provided a dynamic imaging quality control
method for performing quality control of dynamic imaging
in which a dynamic state of a subject is imaged by irradi-
ating the subject with radiation, the method including:
[0019] generating quality information regarding a quality
of the dynamic imaging by using at least two frame images
among multiple frame images constituting a dynamic image
obtained by the dynamic imaging, and outputting the quality
information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The advantages and features provided by one or
more embodiments of the invention will become more fully
understood from the detailed description given hereinbelow
and the appended drawings which are given by way of
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illustration only, and thus are not intended as a definition of
the limits of the present invention, wherein:

[0021] FIG. 1 is a block diagram showing an example of
a radiographic imaging system according to an embodiment
of the present invention.

[0022] FIG. 2 is a transparent plan view showing the
interior of an example QC phantom that is used for QC of
the radiographic imaging system shown in FIG. 1.

[0023] FIG. 3Ais a plan view of an example QC dynamic
phantom that is used for QC of the radiographic imaging
system shown in FIG. 1.

[0024] FIG. 3B is an example of an average image of
images obtained by dynamically imaging the QC dynamic
phantom that is used for QC of the radiographic imaging
system shown in FIG. 1.

[0025] FIG. 4 is a block diagram showing a dynamic
imaging QC device included in the radiographic imaging
system shown in FIG. 1.

[0026] FIG. 5 is a flowchart showing the flow of a
dynamic imaging QC process to be performed by the
dynamic imaging QC device shown in FIG. 4.

[0027] FIG. 6 is a flowchart showing the flow of a
dynamic imaging QC process to be performed by the
dynamic imaging QC device shown in FIG. 4.

[0028] FIG. 7A is a schematic diagram showing an
example of operation performed by the dynamic imaging
QC device in the dynamic imaging QC process shown in
FIG. 5 and FIG. 6.

[0029] FIG. 7B is a schematic diagram showing an
example of operation performed by the dynamic imaging
QC device in the dynamic imaging QC process shown in
FIG. 5 and FIG. 6.

[0030] FIG. 8 shows another example of the operation
performed by the dynamic imaging QC device in the
dynamic imaging QC process shown in FIG. 6.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0031] Hereinafter, one or more embodiments of the pres-
ent invention will be described with reference to the draw-
ings. The scope of the present invention is not limited to the
following embodiment or illustrated examples.

<1. Radiographic Imaging System>

[0032] The schematic configuration of a radiographic
imaging system (hereinafter, system 100) according to an
embodiment is described.

[0033] FIG. 1 shows a block diagram of an example of the
system 100. FIG. 2 shows a transparent plan view showing
the interior of an example QC phantom that is used for QC
of'the system 100. FIG. 3A is a plan view of an example QC
dynamic phantom that is used for QC of the system 100.
[0034] The system 100 includes a radiation detector (here-
inafter, detector 1) and a dynamic imaging QC device
(hereinafter, QC device 2), as shown in FIG. 1.

[0035] The system 100 according to this embodiment also
includes a radiation generation device 3 and a console 4.
[0036] The devices 1 to 4 can communicate with each
other via a communication network N (e.g., local area
network (LAN), wide area network (WAN), the internet), for
example.

[0037] The system 100 may also communicate with a
not-illustrated hospital information system (HIS), radiology
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information system (RIS), picture archiving and communi-
cation system (PACS), and dynamic analysis devices.

[1-1. Radiation Generation Device]

[0038] The radiation generation device 3 includes a gen-
erator 31, an irradiation instruction switch 32, and a radia-
tion source 33.

[0039] The radiation generation device 3 may be installed
in a radiography room, or the radiation generation device 3
and the console 4 may constitute a movable device called a
mobile medical vehicle.

[0040] The generator 31 applies a voltage corresponding
to predetermined imaging conditions to the radiation source
33 (tube) in response to the irradiation instruction switch 32
being manipulated. The imaging conditions include: condi-
tions concerning a subject S, such as the imaging region,
imaging direction, and physique of the subject S; and
conditions concerning irradiation of radiation X, such as
tube voltage, tube current, irradiation time, current-time
product (mAs value), for example.

[0041] When the generator 31 applies a voltage to the
radiation source 33, the radiation source 33 generates radia-
tion X (e.g., X-rays) with a dose corresponding to the
applied voltage.

[0042] The radiation source 33 is movable in the X-axis
direction (emitting direction of radiation X, right-left direc-
tion in FIG. 1), Y-axis direction (orthogonal to the X-axis
direction, i.e., orthogonal to the sheet surface of FIG. 1), and
Z-axis direction (orthogonal to the X-axis and Y-axis direc-
tions, i.e., top-bottom direction in FIG. 1). The radiation
source 33 is also rotatable on rotation axes parallel to the Y
axis and Z axis, respectively, to change the direction of the
irradiation opening.

[0043] The generation device 3 generates such radiation X
that corresponds to the type of radiographic image (still
image or dynamic image consisting of multiple frame
images) to be generated.

[0044] In generating a still image, the generation device 3
emits radiation X only once in response to the irradiation
instruction switch 32 being pressed once.

[0045] In generating a dynamic image, in response to the
irradiation instruction switch 32 being pressed once, the
generation device 3 repeats emission of pulse radiation X
multiple times per predetermined period of time (e.g., 15
times per second) or continues emission of the radiation X
for a predetermined period of time.

[0046] In the present disclosure, “continuously emit radia-
tion” includes continuous emission in which radiation is
continuously emitted, and pulse emission in which radiation
is intermittently emitted.

[1-2. Radiation Detector]

[0047] The detector 1 includes a sensor substrate, a scan-
ning circuit, a reading circuit (hereinafter, reading out inte-
grated circuit: ROIC), a controlling part, and a communi-
cation part, which are not illustrated. The sensor substrate
includes radiation detecting elements and switch elements
that are arranged two-dimensionally (in a matrix). The
radiation detecting elements generate electric charges cor-
responding to the dose of the received radiation X. The
switch elements accumulate and discharge the electric
charges. The scanning circuit switches on and off each
switch element. The ROIC reads the amount of electric
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charges discharged from the respective pixels as pixel val-
ues. The controlling part generates a radiographic image
from the pixel values read by the ROIC. The communication
part sends data of the generated radiographic image, various
signals, and so forth to the outside and receives various
kinds of information and signals.

[0048] The detector 1 accumulates/discharges the electric
charges and reads signal values in synchronization with
irradiation by the generation device 3. The detector 1 thus
generates a radiographic image corresponding to the dose of
the emitted radiation X.

[0049] In generating a still image, the detector 1 generates
a radiographic image only once in response to the irradiation
instruction switch 32 being pressed once.

[0050] In generating a dynamic image, the detector 1
generates a frame image constituting the dynamic image
multiple times per a predetermined period of time (e.g., 15
times per second) in response to the irradiation instruction
switch 32 being pressed once.

[0051] The detector 1 may store and transfer the generated
dynamic image in the form of image data or may display the
dynamic image in real time on a display connected to the
detector 1.

[0052] For example, in fluoroscopy, images are displayed
in real-time.

[1-3. Console]

[0053] The console 4 sets various imaging conditions
(tube voltage, tube current, irradiation time (milliampere-
second value), imaging region, imaging direction, etc.) in at
least either the detector 1 or the radiation generation device
3

[0054] The console 4 may be a personal computer (PC) or
a dedicated device.

[0055] The console 4 sets the imaging conditions on the
basis of imaging order information obtained from other
system(s) (HIS, RIS, etc.) or according to operation of a user
(e.g., radiologist).

[1-4. Dynamic Imaging QC Device]

[0056] The QC device 2 performs quality control of
dynamic imaging.

[0057] “Dynamic imaging” refers to taking images of the
dynamic state of the subject S by continuously irradiating
the subject S with radiation.

[0058] “Dynamic imaging” includes taking a moving
image but does not include taking a still image while
displaying a moving image.

[0059] “Dynamic image” includes a moving image but
does not include an image obtained by taking a still image
while displaying a moving image.

[0060] The target of quality control by the QC device 2 is
at least part of a series of operations (execution of a
program) of the system 100 in dynamic imaging. Specifi-
cally, the target of quality control is at least one of the
following operations: emission of radiation X by the radia-
tion generation device 3; generation of a dynamic image by
the detector 1; transfer of the dynamic image between the
devices; analysis by a dynamic analysis device; and storage
of the dynamic image in a data storage (a cloud server,
PACS, etc.).
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[0061] Quality control (QC) includes not only the quality
control by periodic quality checks after the device is deliv-
ered but also the quality assurance at the time the device is
delivered.

[0062] The QC device 2 may be a PC or a dedicated
device.
[0063] Although the QC device 2 and the console 4 are

separately provided in the system 100 in FIG. 1, the QC
device 2 may be integrated with the console 4.

[0064] When the system 100 includes a not-illustrated
dynamic analysis device or a PACS, these devices may be
integrated with the QC device 2.

[0065] The QC device 2 is described later in detail.

[1-5. Qc Phantom]

[0066] In quality control by the QC device 2, a QC
phantom (hereinafter, phantom 5) may be used. That is, the
phantom 5 may be the subject S of the system 100.

[0067] As exemplified in FIG. 2, the phantom 5 in this
embodiment includes a radiolucent rectangular board 51
(e.g., acrylic board), multiple kinds of evaluation members
arranged on the board 51, and a not-illustrated radiolucent
sealing board (e.g., acrylic board) that seals the evaluation
members, for example.

[0068] The multiple kinds of evaluation members accord-
ing to this embodiment are metal discs 52a to 52¢, an edge
pattern 53, a step wedge 54, and jitters 55a, 556.

[0069] The metal discs 52a to 52¢ each consist of a round
metal plate.
[0070] The metal that forms the metal discs 52a to 52¢

includes copper, for example.

[0071] The metal discs 52a to 52¢ are positioned at the
three corners of the board 51.

[0072] The edge pattern 53 consists of a metal plate that
has sharp edges.

[0073] The metal that forms the edge pattern 53 includes
tungsten, for example.

[0074] The edges of the edge pattern 53 are slightly angled
with respect to a side of the board 51.

[0075] The step wedge 54 includes multiple (e.g., four)
rectangular metal plates 54a to 544 that have different
thicknesses.

[0076] The metal that forms the metal plates 54a to 544
includes copper, for example. The metal plates 54a to 544
are arranged such that the thickness gradually increases or
decreases.

[0077] The jitters 55a, 55b each consist of a rectangular
metal (e.g., copper) plate that has linear edge parts.

[0078] A long side of the jitter 55a extends along one side
of the board 51, and a long side of the jitter 5556 extends
along a different side of the board 51 that is orthogonal to the
one side.

[0079] Although the phantom 5 herein has four kinds of
evaluation members, the phantom 5 may have less than or
more than four kinds of evaluation members.

[0080] Further, although one phantom 5 is used for quality
control, multiple phantoms on which different evaluation
members are arranged may be used for quality control.
[0081] Further, in the above QC using the QC device 2, a
dynamic phantom 6 for quality control that moves in a
predetermined motion (e.g., rotation or reciprocation) may
be used as well as the phantom 5, which does not move. That
is, the dynamic phantom 6 may be the subject S of the
system 100.
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[0082] As shown in FIG. 3A, the dynamic phantom 6 in
this embodiment includes a power 61 and a movable part 62
that is moved in a specific motion by the power 61.
[0083] The movable part 62 according to this embodiment
includes a radiolucent disc 62a (e.g., acrylic board), metal
discs 624, and character plates 62c.

[0084] The metal discs 625 each consist of a round metal
plate.
[0085] The metal that forms the metal discs 625 includes

copper, for example.

[0086] The metal discs 625 are arranged along the contour
at the end part of the disc 62a at regular intervals.

[0087] The character plates 62¢ each consist of a metal
plate in the shape of a number (e.g., 1 to 6). The number of
character plates 62¢ is equal to the number of metal discs
62b.

[0088] The metal that forms the character plates 62¢
includes copper, for example.

[0089] The character plates 62¢ are arranged closer to the
center than the end part of the disc 62a at regular intervals
such that the character plates 62¢ correspond to the metal
discs 62b.

[0090] Although the movable part 62 of the dynamic
phantom 6 exemplified herein is rotatable, the movable part
62 may be reciprocated.

[0091] The character plates 62¢ may be in the shape of
alphabets or other characters.

[1-6. Operation of Radiographic Imaging System]|

[0092] The system 100 configured as described above
operates as follows.

[0093] First, the subject S (diagnosis target region of the
subject) is positioned between the radiation source 33 of the
generation device 3 and the detector 1 that are arranged to
face each other with a space inbetween. The generation
device 3 irradiates the subject S with the radiation X. The
detector 1 generates a radiographic image (still image or
dynamic image) that shows the diagnosis target region and
sends data of the image to at least one of the QC device 2
and the console 4.

[0094] In performing quality control, the radiation gen-
eration device 3 irradiates the phantom 5/6 positioned
between the radiation source 33 and the detector 1. The
detector 1 generates an image for quality control (either still
image or dynamic image, hereinafter a QC image) and sends
the QC image data to the QC device 2.

[0095] When receiving the QC image data, the QC device
2 performs a dynamic imaging QC process (described later
in detail) and outputs dynamic imaging quality information
(described later in detail).

[0096] One idea is that the still imaging QC is applied to
dynamic imaging. For example, dynamic imaging QC may
target an average image that is obtained by averaging
multiple frame images constituting a dynamic image.
[0097] Such QC, however, may not correctly evaluate low
contrast resolution (ability to differentiate objects with dif-
ferent levels of radiation absorption), which is one of
evaluation items in quality control, for example.

[0098] Specifically, in consideration of safety, low con-
trast resolution should be evaluated on the basis of the
minimum value but not on the average value. However,
when multiple frame images are averaged, noise compo-
nents are also averaged, and the minimum value cannot be
obtained.
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[0099] When images obtained by dynamically imaging a
dynamic phantom are used for QC, the average image
contains image lag of metal discs 625 and character plates
62¢ arranged on a movable member 62 of the dynamic
phantom 6, as shown in FIG. 3B. Such image lag may
prevent accurate evaluations.

[0100] This embodiment is also aimed at appropriately
performing quality control of dynamic imaging, in which
multiple frame images are obtained, on the basis of the
respective evaluation items of quality control.

<2. Details of Dynamic Imaging QC Device>

[0101] Next, the QC device 2 of the system 100 is
described in detail.

[0102] FIG. 4 is a block diagram of the QC device 2. FIG.
5 and FIG. 6 each show a flowchart of the dynamic imaging
QC process to be performed by the QC device 2. FIG. 7A
and FIG. 7B are schematic diagrams showing operations of
the QC device 2 in the dynamic imaging QC process.

[2-1. Configuration of Dynamic Imaging QC Device]

[0103] As shown in FIG. 4, the QC device 2 includes a
controller 21 (hardware processor, generation unit, output
unit), a storage 22, a communication unit 23, a display 24,
and an operation receiver 25 (receiver).

[0104] These parts 21-25 are electrically connected via a
bus, for example.

[0105] The controller 21 includes a central processing unit
(CPU) and a random access memory (RAM), for example.
[0106] The CPU of the controller 21 reads various pro-
grams stored in the storage 22, loads the programs into the
RAM, and performs various processes in accordance with
the loaded programs. The CPU of the controller 21 thus
centrally controls operations of the components of the QC
device 2.

[0107] The storage 22 includes a nonvolatile memory or a
hard disk, for example.

[0108] The storage 22 stores various programs including
the dynamic imaging QC program to be executed by the
controller 21 and parameters necessary for executing the
programs.

[0109] The storage 22 may be able to store image data of
radiographic images obtained from other devices.

[0110] The communication unit 23 includes a communi-
cation module.
[0111] The communication unit 23 sends and receives

various kinds of signals and data to and from other devices
(e.g., detector 1, console 4) wirelessly or through wires over
the communication network N (e.g., local area network
(LAN), wide area network (WAN), the internet).

[0112] The display 24 displays various contents for diag-
nosis by the user.

[0113] The display 24 includes a liquid crystal display
(LCD), an electronic luminescent display (ELD), or a cath-
ode ray tube (CRT), for example.

[0114] The display 24 displays radiographic images cor-
responding to image signals received from the controller 21.
[0115] The operation receiver 25 is an operation tool
operable by the user.

[0116] The operation receiver 25 includes a keyboard
having cursor keys, number keys, and various function keys,
apointing device such as a mouse, and a touchscreen layered
on the surface of the display 24.
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[0117] The operation receiver 25 outputs control signals
corresponding to the user’s operation to the controller 21.
[0118] The QC device 2 may not include the display 24
and the operation receiver 25. For example, the QC device
2 may receive control signals from an input device separate
from the QC device 2 and output image signals to a display
(monitor) separate from the QC device 2 via the communi-
cation unit 23.

[0119] When any other device (e.g., console 4) includes a
display and an operation receiver, the QC device 2 may
receive control signals from the operation receiver of the
other device and output image signals to the display of the
other device. That is, the display and operation receiver may
be shared among the devices.

[2-2. Operation of Dynamic Imaging QC Device]

[0120] The controller 21 of the QC device 2 configured as
described above performs the dynamic imaging QC process
exemplified in FIG. 5 and FIG. 6 when a predetermined
condition is met.

[0121] Examples of the predetermined condition include:
the QC device 2 being turned on; image data being obtained
from any of other devices; control signals being received
from other devices; and a predetermined operation being
made with the operation receiver 25 (e.g., operation to start
the dynamic imaging QC process, operation to select the QC
check).

[Obtainment of Image Data]

[0122] In the dynamic imaging QC process, the controller
21 firstly performs an obtainment step (Step S1 in FIG. 5 and
FIG. 6).

[0123] In the obtainment step, the controller 21 obtains
image data corresponding to the contents of quality check to
be performed.

[0124] “Contents of quality check to be performed (evalu-
ation items in QC)” may be manually selected from multiple
evaluation items by the user, or may be automatically
selected by the controller 21 on the basis of information
input by the user (e.g., frame number of a target frame image
F, dose value in imaging, and usage of the phantom 5/6), or
may be determined beforehand (by default).

[0125] For example, the controller 21 obtains image data
of any one of the following: a QC image obtained by
dynamic imaging of the phantom 5, a QC image obtained by
dynamic imaging of a phantom that includes an evaluation
member corresponding to the contents of the quality check
to be performed, a QC image obtained by dynamic imaging
of the dynamic phantom 6, or a solid image obtained by
dynamic imaging without the subject S.

[0126] As described above, the phantom 5 in this embodi-
ment includes multiple kinds of evaluation members. There-
fore, a QC image obtained by dynamically imaging the
phantom 5 is usable for multiple kinds of quality checks.
[0127] In the obtainment step in this embodiment, the
controller 21 receives image data through the communica-
tion unit 23.

[0128] In the obtainment step, the controller 21 may
retrieve the image data from the storage 22 or other media.
[0129] In the obtainment step, the controller 21 may
obtain the image data of medical images obtained by
dynamically imaging an actual examinee as the subject S.
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[0130] The controller 2 does not need to perform the
obtainment step in the dynamic imaging QC process in a
case where the controller 2 starts the dynamic imaging QC
process in response to obtaining the image data.

(Generation of Dynamic Imaging Quality Information)

[0131] After obtaining the image data, the controller 21
performs a generation step (Step S2 in FIG. 5 and FIG. 6).
[0132] Inthe generation step, the controller 21 uses at least
two frame images to generate information regarding quality
of dynamic imaging (hereinafter, quality information). The
at least two frame images are among multiple frame images
constituting a dynamic image obtained by dynamic imaging,
and include a first frame image and a second frame image
[0133] The quality information includes at least one of the
following: information indicating linearity of the dynamic
image; evenness of the dynamic image; and temporal sta-
bility of pixel values of the dynamic image.

[0134] The quality information in this embodiment further
includes at least one of the following: information indicating
temporal change of streaks in the dynamic image; informa-
tion indicating presence or absence of image lag; informa-
tion indicating the frame rate; information indicating accu-
racy of the exposure index (EI); and information indicating
linearity of the EI.

[0135] The quality information may further include at
least one of the following: information indicating low con-
trast resolution of the dynamic image; information indicat-
ing streaks; information indicating unevenness; information
indicating at least either a ROIC block unevenness or pixel
value differences; information indicating presence or
absence of motion artifacts; and information indicating fall
response of the radiation X.

[0136] The quality information is output in the form of at
least one of the following: a value(s) indicating the quality,
an image(s) showing the quality, and the result of evaluating
the quality (e.g., PASS or FAIL).

[0137] In the generation step of this embodiment (herein-
after, first case), the controller 21 firstly determines a target
frame image of quality control (hereinafter called target
frame image F). The target frame image F is used to generate
the quality information (Step S21 in FIG. 5).

[0138] Specifically, the controller 21 receives selection of
a specific frame image(s) from the user through the opera-
tion receiver 25. The controller 21 then determines the target
frame image F from among multiple frame images on the
basis of the selection received through the operation receiver
25.

[0139] In the other case (hereinafter, second case) of the
generation step in this embodiment, the controller 21 selects
a target frame image F as a target of QC from among frame
images constituting the dynamic image on the basis of the
evaluation item(s) in QC, and generates the quality infor-
mation of the dynamic imaging using the selected target
frame image F.

[0140] The evaluation items in QC include at least one of
the following: low contrast resolution of the dynamic image;
presence or absence of streaks; presence or absence of
evenness; presence or absence of at least either ROIC block
unevenness or pixel value differences at the boundaries of
sensor substrates; presence of absence of motion artifacts;
and fall response of the radiation X.

[0141] The evaluation items in QC of this embodiment
further include at least one of the following: linearity of the
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dynamic image; evenness of the dynamic image; temporal
stability of pixel values in the dynamic image; temporal
change of streaks in the dynamic image; presence or absence
of' image lag; frame rate; accuracy of the EI; and linearity of
the EIL

[0142] Specifically, the controller 21 selects one target
frame image F or at least two target frame images F on the
basis of the evaluation item in QC that has been set (Step 21
in FIG. 6).

[0143] For example, assume that the set evaluation item in
QC is at least one of the low contrast resolution of the
dynamic image, presence of streaks, presence of uneven-
ness, presence of at least either ROIC block unevenness or
pixel value differences, presence of motion artifacts, and fall
response of the radiation X. In the case, the controller 21
selects one target frame image F from among multiple frame
images.

[0144] For another example, assume that the set evalua-
tion item in QC is at least one of the linearity of the dynamic
image, evenness of the dynamic image, temporal stability of
pixel values in the dynamic image, temporal change of
streaks in the dynamic image, presence or absence of image
lag, frame rate, accuracy of the El, and the linearity of the
EL In the case, the controller 21 selects at least two target
frame images F from among multiple frame images.
[0145] As a common example for the above two cases,
assume that the user selects, as a specific frame image, at
lease either the first frame image or the last frame image. In
the case, the controller 21 may determine one target frame
image F or at least two target frame images F from among
frame images except the specific frame image. For example,
the target frame image(s) F may be: the frame images
excluding at least the first frame image; frame images
excluding at least the last frame image; or frame images
excluding at least the first and last frame images.

[0146] Assume that the user selects a middle frame image
(e.g., image with a serial number closest to the median) as
the specific frame image. In the case, the controller 21 may
determine, as the target frame image(s) F, one frame image
or at least two frame images including the selected specific
frame image. For example, the target frame image(s) F may
be: the middle frame image and several images immediately
before and after the middle frame image; or the middle
frame image and several frame images thereafter (e.g.,
including frame images from the middle to the last).
[0147] Assume that the user selects the former half of the
entire frame images as the specific frame images. In the case,
the controller 21 may determine the first 30% of the entire
specific frame images as the target frame images F.

[0148] For the temporal stability of doses, all the frames
may be evaluated.

[0149] The frame images used in generating the quality
information are thus narrowed. This can shorten the time
required for the subsequent process and reduce image data
size.

[0150] The radiation X, which is generated by the gen-
eration device 3, becomes stable in the latter half of dynamic
imaging. By setting the frame images from the middle to the
end as the target frame images F, the controller 21 can stably
perform operation for generating the quality information.
[0151] In the generation step, the controller 21 may deter-
mine, as the target frame image F, a frame image that meets
a certain criterion from among multiple frame images. The
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controller 21 may select one target frame image F from
among frame images meeting a specific criterion.

[0152] Specifically, the controller 21 may determine the
target frame image(s) F from among frame images taken
with a dose equal to or lower than a specific dose (especially
the frame image taken with the lowest dose). This is because
the images taken with lower doses conspicuously show the
level of contrast resolution, streaks, and ROIC block
unevenness. The controller 21 may select one target frame
image F from among frame images taken with doses equal
to or lower than a specific dose.

[0153] When the specific criterion specifies that the first
frame image is not used, the controller 21 may determine the
first 10% to 30% of frame images except the first frame
image as the target frame images F.

[0154] In the generation step, the controller 21 may not
receive selection of the specific frame image by the user, as
necessary.

[0155] In evaluating the temporal stability of doses as an
evaluation item in QC, the controller 21 may select all the
frame images constituting the dynamic image as the target
frame images F.

[0156] In seclecting at least two frame images in the
generation step in this embodiment, the controller 21 may
determine, as the target frame images F, frame images
extracted at intervals of several frames.

[0157] In the generation step in this embodiment, the
controller 21 may determine the number (n) of target frame
images F before selecting the target frame image(s) F.
[0158] Specifically, in a case where at least two target
frame images F are selected, the controller 21 may deter-
mine the number (n) of target frame images F such that the
total of doses required for obtaining the respective/indi-
vidual frame images (n times of a dose per frame image)
reaches the dose required for obtaining one still image. The
controller 21 may then use the target frame images F of the
determined number (n) to generate the quality information.
[0159] “The dose required for obtaining the frame images”
may be an actual measured value or a set value.

[0160] The actual measured value may be a dose gener-
ated by the generation device 3 or the dose of radiation that
arrives the panel.

[0161] The set value may be a standard dose determined
beforehand. For example, the set value may be determined
on the basis of the irradiation conditions that are stored in the
storage 22 beforehand and set to the generation device 3.
[0162] The controller 21 may determine the target frame
image(s) F automatically or according to the manipulation of
the operation receiver 25 by the user.

[0163] In the generation step of this embodiment, the
controller 21 sets a partial region R together with or before/
after determination of the target frame image F (Step 22).
[0164] When the image data obtained in the obtainment
step is a QC image obtained by dynamic imaging of the
phantom 5, the controller 21 sets, as the partial region R, the
region in the QC image showing the evaluation member
corresponding to the quality check to be performed.
[0165] For example, in checking low contrast resolution,
the controller 21 sets the region of the metal discs 524 to 52¢
in the QC image as the partial region R.

[0166] Further, in checking linearity or evenness, the
controller 21 sets the region showing the step wedge 54 in
the QC image as the partial region R.
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[0167] Further, in checking sharpness, the controller 21
sets the region showing the edge pattern 53 in the QC image
as the partial region R.

[0168] When the image data obtained in the obtainment
step is a QC image obtained by dynamic imaging of the
dynamic phantom 6 (i.e., when the frame rate is to be
checked), the controller 21 sets the region of the movable
part 62 in the QC image as the partial region R.

[0169] The controller 21 may set the partial region R
automatically or according to the manipulation of the opera-
tion receiver 25 by the user.

[0170] When medical images are obtained in the obtain-
ment step, the controller 21 may set, as the partial region R,
the region to which a doctor pays attention (i.e., region of
interest (ROI) that is required to have a certain level image
quality) or the factors affecting the image quality (e.g.,
ROIC blocks).

[0171] the partial region R does not need to be setin a case
where the QC image obtained in the obtainment step shows
only one evaluation member in its whole frame images or a
case where a solid image is obtained in the obtainment step
and the controller 21 has sufficient processing power (i.e.,
the controller 21 can perform arithmetic processing targeting
all the pixels of every frame).

[0172] Inthe dynamic imaging QC process in this embodi-
ment (first case), the controller 21 sets the partial region R
and then generates the quality information on the basis of
statistical information related to at least two target frame
images F among multiple frame images (Step S23 in FIG. 5).
[0173] In the dynamic imaging QC process in the other
case (second case), when the controller 21 selects one frame
image, the controller 21 sets the partial region R and then
generates quality information using the selected one target
frame image F, which may include noise in its pixel values
(Step 23 in FIG. 6).

[0174] In the dynamic imaging QC process in the other
case (second case), when the controller selects at least two
frame images, the controller 21 sets the partial region R and
then generates quality information using the selected at least
two frame images among multiple frame images constituting
the dynamic image, the at least two frame images including
a first frame image and a second frame image (Step S23 in
FIG. 6). The controller 21 generates the quality information
on the basis of statistical information related to the selected
at least two target frame images F.

[0175] The statistical information to be used in the gen-
eration step of this embodiment is average information.
[0176] The average information is the information
obtained by averaging pieces of information related to the at
least two target frame images F.

[0177] The statistical information may be regarding addi-
tion (addition information), multiplication (multiplication
information), subtraction (subtraction information), division
(division information), or dispersion (dispersion informa-
tion).

[0178] The addition information is information obtained
by adding up pieces of information regarding the at least two
target frame images F among multiple target frame images
F.

[0179] The multiplication information is information
obtained by multiplying (i) a piece of information regarding
a target frame image F among at least two target frame
images F and (ii) a piece of information regarding at least
one of the remaining target frame images F.
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[0180] The subtraction information is information
obtained by subtracting, from a piece of information regard-
ing a target frame image F of at least target frame images F,
a piece of information regarding at least one of the remain-
ing target frame images F.

[0181] The division information is information obtained
by dividing (i) information regarding one of at least two
target frame images F by (ii) information regarding at least
one of the remaining target frame images F. The division
information may be a ratio between pieces of information.
[0182] The dispersion information is information on the
dispersion of pieces of information regarding at least two
target frame images F.

[0183] The statistical information may be a combination
of any of these pieces of information. For example, the
statistical information may be a value obtained by the
following expression: (pixel value of second frame image-
pixel value of first frame image)/pixel value of first frame
image. Such statistical information indicates information
regarding temporal change of each piece of information
regarding the target frame images F.

[0184] Inthe dynamic imaging QC process in this embodi-
ment, the controller 21 sets the partial region R beforehand.
Therefore, in the generation step in this embodiment, the
controller 21 generates the quality information on the basis
of'the partial region R in the first frame image and the region
in the second frame image that corresponds to the partial
region R.

[Linearity of Pixel Values]

[0185] For example, assume that information indicating
linearity of pixel values read by the detector 1 is generated
as the quality information. Specifically, assume that a QC
image is obtained in the obtainment step and the region
showing the step wedge 54 in the obtained QC image is set
as the partial region R. In the case, the controller 21
calculates average information (average values) on the aver-
age of pixel values of corresponding regions among at least
two target frame images F, as shown in FIG. 7A. The
average information is the average of pixel values of the
partial region R in one target frame image F and pixel values
of the region(s) in the other target frame image(s) F corre-
sponding to the partial region R (region(s) at the same
coordinates as the partial region R). Thus, noise in the pixel
values of the region showing the step wedge 54 is reduced.
[0186] On the basis of the calculated average information,
the controller 21 calculates values indicating linearity
between radiation doses that pass through the respective
metal plates 54a to 544 of the step wedge 54 and pixel values
of the regions showing the respective metal plates 54a to
54d.

[0187] The controller 21 may also generate an image
corresponding to the calculated values and determine
whether the calculated values indicate sufficient linearity, as
necessary.

[0188] When the partial region R has a certain size (the
number of pixels constituting the partial region R is great to
some extent), the controller 21 may not calculate the statis-
tical information based on pieces of information of multiple
frame images. Instead, the controller 21 may calculate the
average value of pixels constituting the partial region R in
one target frame image F to reduce noise.

[0189] When the phantom 5 is not used, the controller 21
may obtain multiple solid images (solid dynamic images)
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through dynamic imaging with different doses of radiation
generated by the generation device 3, instead of frame
images showing the phantom 5.

[0190] The controller 21 may then generate information
indicating linearity between the dose in obtaining each solid
image (solid dynamic image) and the pixel values of the
solid image. In the case, the controller 21 generates the
quality information using at least two frame images but does
not use the statistical information.

[0191] In generating the information indicating the linear-
ity, the controller 21 may extract one frame image from each
solid image and use the pixel values of the extracted one
frame image. Alternatively, the controller 21 may calculate
the average of pixel values of frame images in each solid
image (solid dynamic image) and use the calculated value.

[Evenness of Pixel Values]

[0192] Assume that information indicating evenness of
pixel values read by the detector 1 is generated as the quality
information. Specifically, assume that a QC image is
obtained in the obtainment step and the region showing the
edge pattern 53 in the obtained QC image is set as the partial
region R. In the case, the controller 21 calculates average
information (average values) on the average of pixel values
of corresponding regions among at least two target frame
images F, as shown in FIG. 7B. The average information is
the average of pixel values of the partial region R in one
target frame image F and pixel values of regions correspond-
ing to the partial region R in the other target frame image(s)
F (regions at the same coordinates as the partial region R).
Thus, noise in the pixel values of the region showing the
edge pattern 53 is reduced.

[0193] On the basis of the calculated average information,
the controller 21 calculates a value(s) indicating variations
of pixel values of pixels constituting the region showing the
edge pattern 53.

[0194] The controller 21 may also generate an image
corresponding to the calculated value and determine whether
the calculated value indicates sufficient evenness, as neces-
sary.

[0195] The controller 21 may generate information indi-
cating noise in the pixel values constituting the partial region
R or evenness of the ratio between signals and noise (S/N).
[0196] In generating the information indicating noise or
evenness of S/N, the controller 21 may calculate values
indicating noise or values indicating dispersion of S/N, and
then average the calculated values. In the case, the controller
21 generates the quality information using at least two frame
images but does not use the statistical information.

[0197] [Temporal Stability of Pixel Values]

[0198] Assume that information indicating temporal sta-
bility of pixel values read by the detector 1 is generated as
the quality information. Specifically, assume that an unex-
posed image is obtained in the obtainment step. In the case,
the controller 21 generates the information indicating tem-
poral stability of pixel values on the basis of: a pixel value
of'the partial region R in one frame image among at least two
frame images; and a pixel value(s) of the corresponding
region(s) (region(s) at the same coordinates as the partial
region R) in the other frame image(s) among at least two
frame images.

[0199] The pixel value of the partial region R/correspond-
ing region may be one pixel value in the region or may be
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the representative value among multiple values of pixels in
the region (e.g., average or median).

[0200] The controller 21 then calculates a value indicating
dispersion of the obtained pixel values.

[0201] The controller 21 may also generate an image
corresponding to the calculated value and determine whether
the calculated value indicates sufficient evenness, as neces-
sary.

[0202] In the case, the controller 21 generates the quality
information using at least two frame images but does not use
the statistical information.

[Temporal Change of Streaks]

[0203] Assume that information indicating temporal
change of streaks in a dynamic image, which is generated by
the detector 1, is generated as the quality information.
Specifically, assume that an unexposed image is obtained in
the obtainment step and, in the obtained unexposed image,
the elongated region extending along the direction of the
streaks (lateral direction) is set as the partial region R. In the
case, the controller 21 calculates, for each of the frame
images, the average of pixel values constituting the partial
region R.

[0204] The controller 21 then analyzes changes of the
calculated average values.

[0205] For example, the controller 21 calculates a value
indicating dispersion of the obtained pixel values.

[0206] The controller 21 may also generate an image
corresponding to the analysis result and determine whether
the analysis result indicates sufficiently small streaks or a
sufficiently small number of streaks, as necessary.

[0207] In the case, the controller 21 generates the quality
information using at least two frame images but does not use
the statistical information.

[0208] The controller 21 may perform the above determi-
nation several times by changing the position of the partial
region R and determine the analysis result containing the
largest change as the quality information.

[0209] The quality information may be information indi-
cating presence or absence of streaks in one frame image. In
the case, the controller 21 obtains the pixel value profile in
the direction orthogonal to the direction in which the streak
extends in one frame image. The controller 21 then performs
frequency analysis, amplitude analysis, standard deviation
(SD) analysis, or other techniques to determine whether the
pixel values change.

[0210] In the case, the controller 21 may average the
analysis result of the pixel value profile among frame
images. That is, the controller 21 generates the quality
information using at least two frame images but does not use
the statistical information.

[0211] The controller 21 can also detect the presence of
electromagnetic noise or streaks caused by disturbance by
using the same technique for detecting the temporal change
of streaks and the presence of streaks.

[Presence of Image Lag]

[0212] Assume that information indicating the presence of
image lag is generated as the quality information. In the
case, by using one frame image and another frame image
immediately before the one frame image, the controller 21
identifies the region in the one frame image that is at the
same coordinates as the region in the other frame image
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showing the movable part of the dynamic phantom 6. The
controller 21 then calculates the ratio between the pixel
values constituting the identified region and pixel values
around the identified region.

[0213] The controller 21 may also generate an image
corresponding to the calculated ratio and determine whether
the calculated ratio sufficiently indicates the presence of
image lag, as necessary.

[0214] That is, the controller 21 generates the quality
information using at least two frame images but does not use
the statistical information.

[Frame Rate]

[0215] Assume that at least either of the following is
generated as the quality information: information indicating
the number of times the detector 1 repeats accumulating and
discharging electric charges and reading pixel values per
unit time (reading frame rate); and information indicating
the number of times the generation device 3 repeats emis-
sion of the radiation X per unit time (irradiation frame rate).
Specifically, assume that a QC image of the dynamic phan-
tom 6 is obtained in the obtainment step and, in the obtained
QC image, the region showing the movable mart of the
phantom is set as the partial region R. In the case, the
controller 21 calculates at least either the reading frame rate
or the irradiation frame rate, on the basis of the difference in
positions of the region showing the movable part between
one target frame image F and the next target frame image F.
The difference may be based on the angle by which the
movable part rotates in a cycle of generating one frame. In
the case, the controller 21 generates the quality information
using at least two frame images but does not use the
statistical information.

[0216] On the basis of the difference in positions of the
region showing the movable part, the controller 21 may
calculate at least either of the following: information indi-
cating a time between the start of accumulation/discharge of
electric charges or reading of pixel values by the detector 1
and the next start of the same operation by the detector 1
(i.e., reading interval); and information indicating a time
between the start of emission of the radiation X by the
generation device 3 and the next start of the same operation
by the generation device 3 (irradiation interval).

[Temporal Stability of Doses]

[0217] Assume that information indicating temporal sta-
bility of doses of the radiation X, which is generated by the
generation device 3, is generated as the quality information.
Specifically, assume that, in a QC image, the region showing
the edge pattern 53 is set as the partial region R. In the case,
the controller 21 calculates, for each of the frame images, the
average of pixel values constituting the partial region R (the
pixel values correspond to the doses arrived at the respective
radiation detecting elements), and then calculates the value
indicating dispersion of the calculated average values.
[0218] The controller 21 may also generate an image
corresponding to the calculated value and determine whether
the calculated value indicates sufficient temporal stability, as
necessary.

[0219] That is, the controller 21 generates the quality
information using at least two frame images but does not use
the statistical information.
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[0220] The controller 21 may remove the effect of tem-
poral stability of pixel values from the temporal stability of
doses. Specifically, the controller 21 may obtain multiple
frame images each of which contains exposed and unex-
posed regions. Such frame images can be obtained by
narrowing the irradiation field, for example. The controller
21 may then calculate (i) temporal change of pixel values
using the unexposed regions in the frame images and (ii)
temporal change of doses using the exposed regions. The
controller 21 may then remove the calculated temporal
change of pixel values.

[Accuracy of EI|

[0221] Assume that information indicating accuracy of EI
is generated as the quality information. Specifically, assume
that multiple solid images (solid dynamic images) are
obtained through dynamic imaging with different doses
generated by the generation device 3. In the case, the
controller 21 calculates an exposure index (EI) on the basis
of the dose in each imaging and pixel values of the solid
image corresponding to the dose.

[0222] The controller 21 may also generate an image
corresponding to the calculated EI and determine whether
the calculated EI indicates sufficient accuracy, as necessary.
[0223] Assuming that the calculation of accuracy of for
the respective doses as one analysis, the controller 21
generates the quality information using at least two frame
images but does not use statistical information.

[Linearity of EI]

[0224] Assume that information indicating linearity of EI
is generated as the quality information. Specifically, assume
that multiple solid images (solid dynamic images) are
obtained through dynamic imaging with different doses
generated by the generation device 3. In the case, the
controller 21 calculates an EI on the basis of the dose in each
imaging and pixel values of the solid image corresponding
to the dose.

[0225] The controller 21 then calculates a value indicating
linearity between the dose in each imaging and the calcu-
lated EI in the imaging.

[0226] The controller 21 may also generate an image
corresponding to the calculated values and determine
whether the calculated values indicate sufficient linearity, as
necessary.

[0227] Assuming that the calculation of accuracy of for
the respective doses as one analysis, the controller 21
generates the quality information using at least two frame
images but does not use statistical information.

[0228] Hereinafter, examples of the quality information in
the second case are described.

[Low Contrast Resolution]

[0229] For example, assume that information indicating
low contrast resolution is generated as the quality informa-
tion. Specifically, assume that a QC image is obtained in the
obtainment step and, in the target frame image F of the
obtained QC image, the region of the metal discs 52a to 52¢
is set as the partial region R. In the case, the controller 21
calculates the contrast ratio of the partial region R set in one
target frame image F, as exemplified in FIG. 8.

[0230] The controller 21 may also generate an image
corresponding to the calculated contrast ratio or determine
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whether the calculated contrast ratio indicates a sufficient
level of low contrast resolution, as necessary.

[0231] In the case, the controller 21 may average the
contrast ratio among frame images. That is, the controller 21
generates the quality information using at least two frame
images.

[Presence of Streaks]

[0232] Assume that information indicating presence or
absence of a streak in one frame image is generated as the
quality information. In the case, the controller 21 obtains the
pixel value profile in the direction orthogonal to the direc-
tion in which the streak extends. The controller 21 then
performs frequency analysis, amplitude analysis, standard
deviation (SD) analysis, or other methods to determine
whether the pixel values change.

[0233] In the case, the controller 21 may average the
analysis result of the pixel value profile among frame
images. That is, the controller 21 generates the quality
information using at least two frame images.

[0234] The controller 21 can also detect the presence of
electromagnetic noise or streaks caused by disturbance by
using the same technique for detecting the presence of
streaks.

[Presence of ROIC Block Unevenness/Pixel Value
Differences]
[0235] One sensor substrate of the detector 1 may include

multiple ROICs that read signal values of different rows.
With such a detector 1, pixel values may different between
rows (ROIC block unevenness) owing to different charac-
teristics between the ROICs.

[0236] The detector 1 may also include multiple sensor
substrates. As the multiple sensor substrates have their
respective ROICs, pixel values may differ at the boundaries
of the sensor substrates (pixel value differences).

[0237] Assume that information indicating the presence of
at least either the ROIC block unevenness or pixel value
differences is generated as the quality information. Specifi-
cally, assume that an unexposed image (frame image gen-
erated after a certain time elapses since the start of obtaining
a dark image for offset correction, namely a frame image that
conspicuously shows ROIC block unevenness) is obtained
in the obtainment step. In the case, for example, the con-
troller 21 obtains the pixel value profile of the target frame
image F in the direction orthogonal to the direction of signal
lines of the sensor substrate connected to the ROIC.
[0238] From the obtained pixel value profile, ROIC block
unevenness is detected.

[0239] Pixel value differences can also be detected by
using the same technique for detecting the ROIC block
unevenness.

[Presence of Motion Artifacts]

[0240] Frame images of a dynamic image affected by
motion artifacts show a deformed shape of the subject S. For
example, when the subject S is the dynamic phantom 6, the
round movable part 62 is shown as an oval shape in the
images.

[0241] Assume that information indicating the presence of
motion artifacts is generated as the quality information. In
the case, the controller 21 measures/calculates values indi-
cating the shape of the movable part 62 of the dynamic
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phantom 6 (e.g., longitudinal and lateral diameters or the
ratio between these diameters).

[0242] The controller 21 may also generate an image
corresponding to the measured value and determine whether
the measured value indicates image deformation, as neces-

sary.
[Presence of Image Lag]

[0243] Assume that information indicating the presence of
image lag is generated as the quality information. In the
case, the controller 21 identifies, in one frame image, the
region that is at the same coordinates as the region showing
the movable part 62 of the dynamic phantom 6 in the frame
image immediately before the one frame image, on the basis
of the movable part 62 shown in the one frame image,
motion speed of the dynamic phantom 6, and frame rate, for
example. The controller 21 then calculates the ratio between
the pixel values constituting the identified region and pixel
values around the identified region.

[0244] The controller 21 may also generate an image
corresponding to the calculated ratio and determine whether
the calculated ratio indicates presence of image lag, as
necessary.

[Fall Response of Radiation]

[0245] When the radiation X falls slowly (i.e., radiation
shows large/high wave tail), the pixel value profile in the
signal line direction of the first frame image shows uneven
densities.

[0246] Assume that information indicating the fall
response of radiation X is generated as the quality informa-
tion (the first frame image is obtained in the obtainment
step). In the case, the controller 21 obtains the pixel value
profile of the target frame image F.

[0247] The controller 21 then determines whether the
pixel value profile in the signal line direction shows density
unevenness.

[0248] When the quality information generated in the
generation step of the above-described two cases indicates
that a required quality level is not met, the controller 21 may
generate at least either a check item(s) regarding the quality
information indicating that a required quality level is not met
or the reason why such quality information was generated.
[0249] To generate the check item, the controller 21 may
refer to a table that is stored in the storage 22 beforehand and
that shows the correlation between pieces of quality infor-
mation indicating that a required quality level is not met and
check items (possible factors). Alternatively, a machine
learning model may be prepared that has learned pieces of
quality information as inputs and check items as outputs, and
the generated quality information indicating that the
required quality level is not met may be input to the machine
learning model.

[0250] Before starting the generation step or at the start of
the generation step, the controller 21 may determine whether
the dose required for obtaining one frame image is less than
a predetermined dose (e.g., dose required for obtaining one
still image). When determining that the dose is less than the
predetermined dose, the controller 21 may generate the
quality information. When determining that the dose is equal
to or greater than the predetermined dose, the controller 21
may not perform the subsequent process. Specifically, the
controller 21 may perform the above determination in a case
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where at least two frame images are selected as the target
frame images F on the basis of the evaluation item of QC.
[0251] The controller 21 in this embodiment serves as a
generation unit that performs the above-described genera-
tion step.

[0252] The generation step performed by the controller 21
corresponds to generating the quality information regarding
the quality of dynamic imaging in the dynamic imaging QC
method.

[Output of Dynamic Imaging Quality Information]

[0253] After generating the quality information, the con-
troller 21 performs an output step (Step S3).

[0254] In the output step, the controller 21 outputs the
generated quality information.

[0255] In the output step of this embodiment, the control-
ler 21 displays the quality information (e.g., values, images,
determination results) on the display 24.

[0256] In the output step, the controller 21 may send the
quality information to another device (e.g., the console 4, a
terminal device, a printer) so that the other device displays/
prints out the quality information.

[0257] When the QC device 2 includes a unit for writing
information on a recording medium, the controller 21 may
write the quality information on the recording medium in the
output step.

[0258] In the output step, the controller 21 may output the
quality information generated in the past generation step,
which was performed before the most recent generation step.
[0259] In the case, the controller 21 may output the most
recent quality information and the past quality information
together (e.g., as a graph).

[0260] This makes it possible to easily check whether the
state of the system 100 has changed between quality checks
performed at different timings.

[0261] In the output step, the controller 21 may output an
alert when determining that the quality has decreased by a
certain level or more on the basis of the comparison between
the past quality information and the most recent quality
information.

[0262] Assume that (i) the controller 21 generates the
quality information indicating that a required quality level is
not met in the generation step and (ii) the controller 21
generates at least either a check item regarding the quality
information indicating that a required quality level is not met
or the reason why such quality information was generated.
In the case, the controller 21 may output at least either the
check item or the reason in the output step.

[0263] Assume that all or part of the quality information
generated in the generation step indicates that the required
quality level is met. In the case, in the output step, the
controller 21 may output information that dynamic imaging
is available.

[0264] Thus, the controller 21 can prevent the user from
performing dynamic imaging when at least part of the
system 100 has a problem.

[0265] The controller 21 in this embodiment serves as an
output unit that performs the above-described output step.
[0266] The output step performed by the controller 21
corresponds to outputting the quality information regarding
the quality of dynamic imaging in the dynamic imaging QC
method.
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<3. Advantageous Effects>

[0267] As described above, the QC device 2 or the system
100 including the QC device 2 according to this embodiment
performs quality control of dynamic imaging, in which a
dynamic state of the subject S is imaged by irradiating the
subject S with the radiation X. The QC device 2/system 100
includes the controller 21 (hardware processor, generation
unit, output unit) that generates quality information by using
at least two frame images among multiple frame images
constituting a dynamic image obtained by the dynamic
imaging and outputs the quality information.

[0268] Such a QC device 2/system 100 can appropriately
perform quality control of dynamic imaging, in which
multiple frame images are obtained.

[0269] On the basis of the evaluation item of QC, the QC
device 2/system 100 selects the target frame image(s) F,
which is the target of QC, from among multiple frame
images constituting a dynamic image obtained by dynamic
imaging. The QC device 2/system 100 generates the quality
information by using the selected frame image(s). In out-
putting The QC device 2/system 100 can output the quality
information by appropriately performing QC of dynamic
imaging for the respective evaluation items of QC.

<4. Miscellaneous>

[0270] Naturally, the above embodiment does not limit the
present invention and can be appropriately modified without
departing from the scope of the present invention.

[0271] For example, although the QC device 2 or the
system 100 in the above embodiment performs only quality
control of dynamic imaging, they may perform quality
control of both still imaging and dynamic imaging.

[0272] Further, in the above embodiment, the QC device
2 performs the generation step and output step. However,
when the system 100 includes a dynamic analysis device, the
dynamic analysis device may perform the generation step,
and the QC device 2 may perform the output step on the
basis of the analysis result.

[0273] Further, in the above description, a hard disk and a
semiconductor nonvolatile memory are disclosed as com-
puter readable media for storing the program of the present
invention. However, these examples do not limit the present
invention. As other computer readable media, a portable
storage medium, such as a CD-ROM, can be used. A carrier
wave is also applicable as a medium for providing the
program data of the present invention via a communication
line.

[0274] 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. A dynamic imaging quality control device that per-
forms quality control of dynamic imaging in which a
dynamic state of a subject is imaged by irradiating the
subject with radiation, the device comprising a hardware
processor that

generates quality information regarding a quality of the
dynamic imaging by using at least two frame images
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among multiple frame images constituting a dynamic
image obtained by the dynamic imaging and
outputs the quality information.
2. The dynamic imaging quality control device according
to claim 1, wherein
the quality information includes at least either information
indicating linearity of the dynamic image or informa-
tion indicating evenness of the dynamic image.
3. The dynamic imaging quality control device according
to claim 1, wherein
the hardware processor generates the quality information,
based on statistical information regarding the at least
two frame images among the multiple frame images.
4. The dynamic imaging quality control device according
to claim 3,
wherein the at least two frame images include a first frame
image and a second frame image,
wherein the hardware processor generates the quality
information, based on a partial region in the first frame
image and a region in the second frame image that
corresponds to the partial region.
5. The dynamic imaging quality control device according
to claim 3,
wherein the statistical information includes
addition information obtained by adding up pieces of
information regarding the at least two frame images
among the multiple frame images,
multiplication information obtained by multiplying a
piece of information by another piece of information,
the piece of information and the other piece of infor-
mation being among the pieces of information,
subtraction information obtained by subtracting a piece of
information from another piece of information, the
piece of information and the other piece of information
being among the pieces of information,
division information obtained by dividing a piece of
information by another piece of information, the piece
of information and the other piece of information being
among the pieces of information,
average information obtained by averaging the pieces of
information, or
dispersion information on dispersion of the pieces of
information.
6. The dynamic imaging quality control device according
to claim 1, wherein
the quality information includes information on temporal
stability of pixel values of the dynamic image.
7. The dynamic imaging quality control device according
to claim 1, wherein
the hardware processor determines the number of the at
least two frame images such that a total of doses
required for obtaining the respective at least two frame
images reache a dose required for obtaining one still
image,
wherein the hardware processor generates the quality
information by using the at least two frame images of
the determined number.
8. The dynamic imaging quality control device according
to claim 1,
wherein the hardware processor generates the quality
information when a dose required for obtaining one
frame image is less than a predetermined value.
9. The dynamic imaging quality control device according
to claim 1,
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wherein the hardware processor determines a target frame
image as a target of quality control from among the
multiple frame images.

10. A non-transitory computer-readable storage medium
storing a dynamic imaging quality control program for
performing quality control of dynamic imaging in which a
dynamic state of a subject is imaged by irradiating the
subject with radiation, the program causing a computer to:

generate quality information regarding a quality of the

dynamic imaging by using at least two frame images
among multiple frame images constituting a dynamic
image obtained by the dynamic imaging, and

output the quality information.

11. The storage medium according to claim 10, wherein
the quality information includes at least either information
indicating linearity of the dynamic image or information
indicating evenness of the dynamic image.

12. The storage medium according to claim 10, wherein
the program causes the computer to generate the quality
information, based on statistical information regarding the at
least two frame images among the multiple frame images.

13. The storage medium according to claim 12, wherein

the at least two frame images include a first frame image
and a second frame image,

wherein the program causes the computer to generate the
quality information, based on a partial region in the first
frame image and a region in the second frame image
that corresponds to the partial region.

14. The storage medium according to claim 12, wherein

the statistical information includes:

addition information obtained by adding up pieces of
information regarding the at least two frame images
among the multiple frame images,

multiplication information obtained by multiplying a
piece of information by another piece of information,
the piece of information and the other piece of infor-
mation being among the pieces of information,

subtraction information obtained by subtracting a piece of
information from another piece of information, the
piece of information and the other piece of information
being among the pieces of information,

division information obtained by dividing a piece of
information by another piece of information, the piece
of information and the other piece of information being
among the pieces of information,

average information obtained by averaging the pieces of

information, or

dispersion information on dispersion of the pieces of

information.

15. The storage medium according to claim 10, wherein
the quality information includes information on temporal
stability of pixel values of the dynamic image.

16. The storage medium according to claim 10, wherein

the program causes the computer to determine the number

of the at least two frame images such that a total of
doses required for obtaining the respective at least two
frame images reaches a dose required for obtaining one
still image,

wherein the program causes the computer to generate the

quality information by using the at least two frame
images of the determined number.
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17. The storage medium according to claim 10, wherein

the program causes the computer to generate the quality
information when a dose required for obtaining one
frame image is less than a predetermined value.

18. The storage medium according to claim 10, wherein

the program causes the computer to determine a target

frame image as a target of quality control from among
the multiple frame images.

19. A dynamic imaging quality control method for per-
forming quality control of dynamic imaging in which a
dynamic state of a subject is imaged by irradiating the
subject with radiation, the method comprising:

generating quality information regarding a quality of the

dynamic imaging by using at least two frame images

among multiple frame images constituting a dynamic

image obtained by the dynamic imaging, and
outputting the quality information.

20. The method according to claim 19, wherein

the quality information includes at least either information

indicating linearity of the dynamic image or informa-
tion indicating evenness of the dynamic image.

21. The method according to claim 19, wherein

the generating generates the quality information, based on

statistical information regarding the at least two frame
images among the multiple frame images.

22. The storage medium according to claim 21, wherein

the at least two frame images include a first frame image

and a second frame image,

wherein the generating generates the quality information,

based on a partial region in the first frame image and a
region in the second frame image that corresponds to
the partial region.

23. The method according to claim 21, wherein

the statistical information includes:

addition information obtained by adding up pieces of

information regarding the at least two frame images
among the multiple frame images,
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multiplication information obtained by multiplying a
piece of information by another piece of information,
the piece of information and the other piece of infor-
mation being among the pieces of information,

subtraction information obtained by subtracting a piece of
information from another piece of information, the
piece of information and the other piece of information
being among the pieces of information,

division information obtained by dividing a piece of
information by another piece of information, the piece
of information and the other piece of information being
among the pieces of information,

average information obtained by averaging the pieces of
information, or dispersion information on dispersion of
the pieces of information.

24. The method according to claim 19, wherein

the quality information includes information on temporal
stability of pixel values in the dynamic image.

25. The dynamic imaging quality control device accord-

ing to claim 19, wherein

the generating includes determining the number of the at
least two frame images such that a total of doses
required for obtaining the respective at least two frame
images reach a dose required for obtaining one still
image,

wherein the generating of the quality information uses the
at least two frame images of the determined number.

26. The method according to claim 19, wherein

the generating generates the quality information when a
dose required for obtaining one frame image is less
than a predetermined value.

27. The method according to claim 19, wherein

the generating includes determining a target frame image
as a target of the quality control from among the
multiple frame images.
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