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(57) ABSTRACT

A compression member puts a breast disposed between a
radiation source and a radiation detector into a compressed
state, and includes a first marker that is formed of a first
material, which is visible in an ultrasound image and is not
visible in a radiation image, and of which a position in the
compression member is discriminative, and a second marker
that is provided at a position, which does not affect an image
interpretation of the radiation image, and is formed of a
second material which is visible in the radiation image.
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COMPRESSION MEMBER, IMAGE
GENERATION SYSTEM, AND PROGRAM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from Japanese
Application No. 2023-043987, filed on Mar. 20, 2023, the
entire disclosure of which is incorporated herein by refer-
ence.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to a compression
member, an image generation system, and a non-transitory
storage medium storing a program.

2. Related Art

[0003] JP2020-192181A discloses a radiography system
for making it easier to understand a correspondence between
a position on a radiation image and a position on a com-
pression member.

[0004] The radiography system comprises a mammogra-
phy apparatus that puts a breast disposed between a radiation
source and the radiation detector into a compressed state,
provides, at any one of a first surface irradiated with
radiation by the radiation source or a second surface that is
opposite to the first surface and is in contact with the breast,
a compression member to which first position identification
information for identifying an in-plane position of the first
surface or the second surface, and captures a radiation image
of the breast in the compressed state by using the radiation
detector. Then, the radiography system comprises a first
display controller that performs control of displaying the
radiation image captured by the mammography apparatus on
a display device, and a second display controller that per-
forms control of displaying second position identification
information, which indicates a position of the compression
member on the radiation image corresponding to the in-
plane position and corresponds to the first position identi-
fication information, on the radiation image displayed on the
display device.

[0005] Incidentally, in the radiation image obtained by the
radiography, both a lesion (tumor, calcification, or the like)
of breast cancer and a mammary gland are displayed in
white. Therefore, in a case of the breast having a high
mammary gland density (so-called dense breast), the lesion
of the breast cancer is hidden in a mammary gland region
and is difficult to be found.

[0006] Then, there is a technique of using an ultrasound
image obtained by ultrasound imaging, which is suitable for
imaging the breast having the high mammary gland density
as described above, in combination with a radiation image.
[0007] However, in the related art, since the ultrasound
imaging is performed in a state in which the breast is not
compressed and an examinee lies on a bed, it is difficult to
perform registration with the radiation image of the breast
obtained under the compression of the compression member
in this technique.

[0008] Then, a technique of facilitating the registration
between these images by acquiring both the radiation image
and the ultrasound image in a state in which the breast is put
into the compressed state by the compression member, and
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displaying both images in a state of being superimposed on
each other to improve a differential determination ability of
the lesion is conceivable.

[0009] However, even in this technique, the radiation
image is an image obtained by an image formation technique
using an electromagnetic wave, and the ultrasound image is
an image obtained by an image formation technique using an
elastic wave, which are images that are independently
acquired, so that there is a problem that it is not easy to
perform the registration accurately.

SUMMARY

[0010] The present disclosure has been made in view of
the above circumstances, and an object thereof is to provide
a compression member, an image generation system, and a
non-transitory storage medium storing a program that can
perform registration between a radiation image and an
ultrasound image with higher accuracy than in the related
art.

[0011] In order to achieve the above object, a first aspect
of the present disclosure relates to a compression member
that puts a breast disposed between a radiation source and a
radiation detector into a compressed state, the compression
member comprising: a first marker that is formed of a first
material, which is visible in an ultrasound image and is not
visible in a radiation image, and of which a position in the
compression member is discriminative; and a second marker
that is provided at a position, which does not affect an image
interpretation of the radiation image, and is formed of a
second material which is visible in the radiation image.
[0012] A second aspect of the present disclosure relates to
the compression member according to the first aspect, in
which the first material is beryllium.

[0013] A third aspect of the present disclosure relates to
the compression member according to the first aspect, in
which the first marker is disposed on the same axis as the
second marker.

[0014] A fourth aspect of the present disclosure relates to
the compression member according to the first aspect, in
which the first marker is disposed in a patterned manner
associated with position information in the compression
member.

[0015] A fifth aspect of the present disclosure relates to the
compression member according to the first aspect, in which
the first marker is provided on a surface opposite to a surface
with which an ultrasound probe used to capture the ultra-
sound image is in contact.

[0016] In addition, in order to achieve the above object, a
sixth aspect of the present disclosure relates to an image
generation system including the compression member
according to the present disclosure, the image generation
system comprising: at least one processor, in which the
processor generates a radiation image and an ultrasound
image in a state in which the compression member is used.
[0017] A seventh aspect of the present disclosure relates to
the image generation system according to the sixth aspect, in
which the processor performs position correction of the
ultrasound image and the radiation image by using a first
image, which is an image of the first marker included in the
ultrasound image, and a second image, which is an image of
the second marker included in the radiation image, and
displays the ultrasound image and the radiation image,
which are subjected to the position correction, side by side
or displays the ultrasound image and the radiation image,



US 2024/0315656 Al

which are subjected to the position correction, in a state of
being superimposed on each other.

[0018] An eighth aspect of the present disclosure relates to
the image generation system according to the seventh
aspect, in which the processor performs distortion correction
on at least one of the ultrasound image or the radiation image
in a case in which the display is performed.

[0019] A ninth aspect of the present disclosure relates to
the image generation system according to the seventh
aspect, in which the processor generates the ultrasound
image by combining ultrasound images obtained in two
stages of pre-scanning in which the position of the first
marker provided in the compression member is used as a
focal length and main-scanning in which the breast put into
the compressed state by the compression member is used as
a focal length.

[0020] A tenth aspect of the present disclosure relates to
the image generation system according to the seventh
aspect, in which, in a case in which the ultrasound image is
captured, the processor emits beams for capturing the ultra-
sound image from a plurality of directions toward a depth
direction to combine the beams.

[0021] In addition, in order to achieve the above object, an
eleventh aspect of the present disclosure relates to a non-
transitory storage medium storing a program executed in an
image generation system including the compression member
according to the present disclosure, the program for causing
a computer to execute a process comprising: generating a
radiation image and an ultrasound image in a state in which
the compression member is used.

[0022] According to the present disclosure, it is possible to
perform the registration between the radiation image and the
ultrasound image with higher accuracy than in the related
art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a view showing an example of a sche-
matic configuration of an image generation system accord-
ing to an embodiment.

[0024] FIG. 2 is a side view showing an example of an
appearance of an image generation apparatus according to
the embodiment.

[0025] FIG. 3 is a three-orthographic view showing an
example of a schematic configuration of a compression
member according to the embodiment.

[0026] FIG. 4 is a three-orthographic view showing an
example of the schematic configuration of the compression
member according to the embodiment.

[0027] FIG. 5 is a bottom view showing an example of a
schematic configuration of a compression part of the com-
pression member according to the embodiment.

[0028] FIG. 6 is a view showing an example of a radiation
image according to the embodiment.

[0029] FIG. 7 is a view showing an example of an ultra-
sound image according to the embodiment.

[0030] FIG. 8 is a bottom view showing another example
of'the schematic configuration of the compression part of the
compression member according to the embodiment.

[0031] FIG. 9 is a view showing another example of the
ultrasound image according to the embodiment.

[0032] FIG. 10 is a bottom view showing still another
example of the schematic configuration of the compression
part of the compression member according to the embodi-
ment.
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[0033] FIG. 11 is a view for showing a disposition surface
of a first marker according to the embodiment, in which
upper figures are waveform diagrams showing a reflection
state of ultrasound waves in a case in which the first marker
is provided on an upper surface of the compression part and
a side view of the compression part, and lower figures are
waveform diagrams showing a reflection state of ultrasound
waves in a case in which the first marker is provided on a
bottom surface (contact surface) of the compression part and
a side view of the compression part.

[0034] FIG. 12 is a block diagram showing an example of
a hardware configuration of a console according to the
embodiment.

[0035] FIG. 13 is a block diagram showing an example of
a functional configuration of the console according to the
embodiment.

[0036] FIG. 14 is a flowchart showing an example of an
image display process according to the embodiment.
[0037] FIG. 15 shows an upper figure which is a waveform
diagram showing an example of a drive pulse for an ultra-
sound transducer of an ultrasound probe in a case in which
the ultrasound image is generated in one scanning, and a
lower figure which is a waveform diagram showing an
example of a drive pulse for the ultrasound transducer of the
ultrasound probe in a case in which the ultrasound image is
generated by including pre-scanning.

[0038] FIG. 16 shows a left figure which is a side view
showing states of the compression part and an imaging table
in a case in which a breast is relatively thick, and a right
figure which is a side view showing states of the compres-
sion part and the imaging table in a case where the breast is
thinner than the breast shown in the left figure.

[0039] FIG. 17 is a view showing an example of a super-
imposition image according to the embodiment.

DESCRIPTION OF EMBODIMENTS

[0040] Hereinafter, a description of an embodiment of the
present disclosure will be made with reference to the accom-
panying drawings.

[0041] First, a description of a configuration of an image
generation system 1 to which the technology of the present
disclosure is applied will be made with reference to FIG. 1.
FIG. 1 is a view showing an example of a schematic
configuration of the image generation system 1 according to
the present embodiment.

[0042] As shown in FIG. 1, the image generation system
1 comprises an image generation apparatus 10 and a console
50. The image generation apparatus 10 and the console 50,
and the console 50 and an external radiology information
system (RIS) 6 are configured to be connected to each other
via a wired or wireless network.

[0043] In the image generation system 1 according to the
present embodiment, the console 50 acquires an imaging
order or the like from the RIS 6, and controls the image
generation apparatus 10 in accordance with the imaging
order, an instruction from the user, and the like. The image
generation apparatus 10 captures a radiation image by
irradiating a breast put into a compressed state between an
imaging table 16 and a compression member 40, which will
be described below, with radiation R. In addition, the image
generation apparatus 10 acquires an ultrasound image of the
breast put into the compressed state via the compression
member 40.
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[0044] Next, a description of a schematic configuration of
the image generation apparatus 10 according to the present
embodiment will be made with reference to FIG. 2. FIG. 2
is a side view showing an example of an appearance of the
image generation apparatus 10 according to the present
embodiment, and is a view in a case in which the image
generation apparatus 10 is viewed from a right side of an
examinee. As shown in FIG. 2, the image generation appa-
ratus 10 comprises a radiation source 17R, a radiation
detector 28, an imaging table 16 disposed between the
radiation source 17R and the radiation detector 28, the
compression member 40 that compresses the breast between
the compression member 40 and the imaging table 16, and
an ultrasound probe 30. In the image generation apparatus
10, a user, such as a doctor or a technician, positions the
breast of the examinee on an imaging surface 16A of the
imaging table 16.

[0045] The image generation apparatus 10 comprises an
arm part 12, a base 14, and a shaft part 15. The arm part 12
is held to be movable in an up-down direction (Z direction)
by the base 14. The shaft part 15 connects the arm part 12
to the base 14. The arm part 12 is relatively rotatable with
respect to the base 14 with the shaft part 15 as a rotation axis.
In addition, the arm part 12 may be relatively rotatable with
respect to the base 14 with the shaft part 15 as the rotation
axis separately between an upper part comprising a radiation
emitting unit 17 and a lower part comprising the imaging
table 16.

[0046] The arm part 12 comprises the radiation emitting
unit 17 and the imaging table 16. The radiation emitting unit
17 comprises the radiation source 17R, and is configured to
change an irradiation field of radiation (for example, X-rays)
emitted from the radiation source 17R. For example, the
change of the irradiation field may be performed by the user
operating an operation unit 26, or may be performed by a
controller 20 in accordance with a type of the attached
compression member 40.

[0047] The imaging table 16 comprises the controller 20,
a storage unit 22, an interface (I/F) unit 24, the operation unit
26, and the radiation detector 28. The controller 20 controls
an overall operation of the image generation apparatus 10 in
accordance with the control of the console 50. The controller
20 comprises a central processing unit (CPU), a read only
memory (ROM), a random access memory (RAM), and the
like (none shown). The ROM stores in advance various
programs including a program executed by the CPU for
performing the control related to the generation of the
radiation image and the ultrasound image. The RAM tran-
sitorily stores various data.

[0048] Data of the radiation image and the ultrasound
image, various types of other information, and the like are
stored in the storage unit 22. The storage unit 22 is realized
by, for example, a storage medium, such as a hard disk drive
(HDD), a solid state drive (SSD), and a flash memory.

[0049] The I/F unit 24 performs communication of various
types of information with the console 50 by wired or
wireless communication. Specifically, the I/F unit 24
receives information related to the control of the image
generation apparatus 10 from the console 50. Further, the I/F
unit 24 transmits the data of the radiation image and the
ultrasound image to the console 50.

[0050] The operation unit 26 is a part that is provided on
the imaging table 16 or the like and can be operated by the
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user with a hand, a foot, or the like, and is, for example, a
switch, a button, or a touch panel.

[0051] The radiation detector 28 is disposed in the imag-
ing table 16, detects the radiation R transmitted through the
breast and the imaging table 16, generates the radiation
image based on the detected radiation R, and outputs image
data indicating the generated radiation image. It should be
noted that a type of the radiation detector 28 is not particu-
larly limited and may be, for example, an indirect conver-
sion type radiation detector that converts the radiation R into
light and converts the converted light into a charge, or a
direct conversion type radiation detector that directly con-
verts the radiation R into a charge.

[0052] A probe unit 38 and a compression unit 48 are
connected to the arm part 12. A support part 36 that
attachably and detachably supports the ultrasound probe 30
is attached to the probe unit 38. The support part 36
(ultrasound probe 30) is moved in the up-down direction and
a horizontal direction (X direction, Y direction, and Z
direction) by a driving unit (not shown) provided in the
probe unit 38. It is preferable that the support part 36 is
formed of a material that transmits the radiation R.

[0053] The ultrasound probe 30 is used to obtain the
ultrasound image of the breast put into the compressed state
by the compression member 40, is disposed between the
radiation source 17R and the compression member 40,
irradiates the breast with ultrasound via the compression
member 40, and receives the reflected waves from the
breast. The probe unit 38 includes a converter (not shown)
that converts the reflected waves from the breast received by
the ultrasound probe 30 into the ultrasound image, and the
ultrasound image is obtained by the converter.

[0054] Specifically, the ultrasound probe 30 comprises an
ultrasound transducer array. The ultrasound transducer array
is configured such that a plurality of ultrasound transducers
are arranged one-dimensionally or two-dimensionally. The
ultrasound transducer may be formed, for example, such that
electrodes are formed on both ends of a piezoelectric body,
such as a piezoelectric ceramic represented by lead zirconate
titanate (PZT), a piezoelectric single crystal represented by
lead magnesium niobate-lead titanate (PMN-PT), or a poly-
mer piezoelectric element represented by polyvinylidene
difluoride (PVDF). Also, for example, the ultrasound trans-
ducer may be a capacitive micro-machined ultrasound trans-
ducer (CMUT).

[0055] In addition, a plurality of types of the ultrasound
probes 30 different from each other may be interchangeably
attached to the image generation apparatus 10. Specifically,
depending on a physique of the examinee (for example, a
size of the breast), a tissue composition of the breast (for
example, a fat mass and a mammary gland mass), a type of
imaging (for example, magnification imaging and spot
imaging), and the like, the ultrasound probes 30 having
different performances and dimensions from each other may
be attached. For example, a linear probe having a center
frequency of about 7.5 MHz (for superficial use or the like),
a convex probe having a center frequency of about 3.5 MHZ
(for abdomen or the like), and a sector probe having a center
frequency of about 2.5 MHz (for heart or the like) may be
used.

[0056] A support part 46 that supports the compression
member 40 is attachably and detachably attached to the
compression unit 48. The support part 46 (compression
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member 40) is moved in the up-down direction (Z direction)
by a driving unit (not shown) provided in the compression
unit 48.

[0057] The compression member 40 is disposed between
the radiation source 17R and the imaging table 16 and
interposes the breast between the compression member 40
and the imaging table 16 to put the breast into the com-
pressed state. FIG. 3 shows a three-orthographic view of an
example of the compression member 40. The three-ortho-
graphic view of FIG. 3 includes a top view of the compres-
sion member 40 as viewed from above (radiation emitting
unit 17 side), a side view thereof as viewed from the
examinee side, and a side view thereof as viewed from the
right side of the examinee. As shown in FIG. 3, the com-
pression member 40 includes a compression part 42 and the
support part 46.

[0058] The support part 46 includes an attachment part 47
and an arm 49. The attachment part 47 attaches the com-
pression member 40 to the image generation apparatus 10,
specifically, the driving unit of the compression unit 48. The
arm 49 supports the compression part 42.

[0059] The compression part 42 includes a bottom part 43
formed to be substantially flat and surrounded by a wall part
44 having a substantially uniform height, and has a cross
section shape formed in a recess shape. It is preferable that
the compression part 42 is formed of an optically transparent
or translucent material in order to perform positioning and
check of the compressed state in the compression of the
breast. In addition, it is preferable that the compression part
42 is formed of a material excellent in a transmittance of the
radiation R and the ultrasound. In addition, it is preferable
that the compression part 42 is formed of, for example, a
material excellent in strength, such as drop strength and
compression strength.

[0060] As such a material, for example, resin, such as
polymethylpentene (PMP), polycarbonate (PC), acryl, poly-
propylene (PP), and polyethylene terephthalate (PET), can
be used. In particular, in the polymethylpentene, an acoustic
impedance, which affects the transmittance and the reflec-
tivity of the ultrasound, is closer to an acoustic impedance
of a human body (breast) than other materials, and a
proportion of the noise on the ultrasound image can be
decreased. Therefore, as the material of the compression part
42, the polymethylpentene is suitable.

[0061] In addition, a plurality of types of the compression
members 40 different from each other may be interchange-
ably attached to the image generation apparatus 10. Specifi-
cally, depending on a physique of the examinee (for
example, a size of the breast), a tissue composition of the
breast (for example, a fat mass and a mammary gland mass),
a type of imaging (for example, magnification imaging and
spot imaging), and the like, the compression members 40
having different materials, sizes, and shapes from each other
may be attached. For example, a compression member in
accordance with the size of the breast, a compression
member for axillary imaging, a compression member for
magnification imaging, and a compression member for
so-called spot imaging that captures the radiation image of
only a region in which a lesion exists, and the like may be
used. That is, the compression member 40 is not limited to
the compression member that compresses the entire breast,
and may have a smaller size than the breast to compress a
part of the breast.
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[0062] FIG. 4 shows a three-orthographic view of a com-
pression member 40S for a small breast as an example of
another form different from the compression member 40 of
FIG. 3. The three-orthographic view of FIG. 4 includes a top
view of the compression member 40S as viewed from above
(radiation emitting unit 17 side), a side view thereof as
viewed from the examinee side, and a side view thereof as
viewed from the right side of the examinee. The compres-
sion member 408 includes the compression part 42 and the
support part 46, as in the compression member 40 in FIG. 3.
In the compression member 408, the bottom part 43 is not
flat, and the attachment part 47 side is higher than a chest
wall side (side away from the attachment part 47). In
addition, the height of the wall part 44 is not uniform, and
a height of a part of the chest wall side is lower than a height
of other parts. Due to such a shape, the compression member
408 can easily perform the positioning and the compression
even for the small breast.

[0063] As described above, in the image generation appa-
ratus 10, at least one of the compression member 40 for
putting the breast into the compressed state or the ultrasound
probe 30 for acquiring the ultrasound image can be attached
and detached. In this case, the image generation apparatus
10 may detect the types of the compression member 40 and
the ultrasound probe 30 that are attached.

[0064] For example, the attachment part 47 of the com-
pression member 40 may be provided with a plurality of pins
having different dispositions for each type of the compres-
sion member 40 as identification information, and the iden-
tification information may be read by a sensor (for example,
a photointerrupter) that can detect the disposition of the pins
provided in the compression unit 48. In addition, for
example, a marker (for example, a bar code and a two-
dimensional code) in accordance with the type of the com-
pression member 40 may be provided at any position of the
compression member 40 as identification information, and
the identification information may be read by a sensor (for
example, a charge coupled device (CCD) sensor) that can
detect the marker.

[0065] In addition, for example, a radio frequency identi-
fication (RFID) tag having identification information in
accordance with the type of the compression member 40
may be provided at any position of the compression member
40, and the identification information may be read by an
RFID reader that can read the RFID tag. In addition, for
example, a weight of each type of the compression member
40 and identification information may be stored in the
storage unit 22 in advance in association with each other, the
weight of the attached compression member 40 may be
measured by a sensor that can detect the weight, and the
identification information (type of the compression member
40) may be specified based on a measured value.

[0066] Similarly, for the ultrasound probe 30, the type of
the attached ultrasound probe 30 may be identified in
accordance with, for example, the pin, the marker, the RFID
tag, or the weight.

[0067] The image generation apparatus 10 may detect a
compression force applied to the breast by the compression
member 40. For example, in a case in which the compression
member 40 compresses the breast, a reaction force equal to
the compression force is applied to the driving unit of the
compression member 40. Utilizing this phenomenon, a
strain gauge (for example, a load cell or the like) for
detecting the reaction force applied to the driving unit may
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be provided in the compression unit 48 to detect and the
reaction force detected by the strain gauge, as the compres-
sion force. For example, the compression force may be
detected by using a semiconductor pressure sensor, a capaci-
tive pressure sensor, and the like. In addition, for example,
various sensors that detect the compression force may be
provided on the compression member 40 side instead of the
compression unit 48 side.

[0068] It should be noted that a gel-like or liquid medium
having an ultrasound transmittance may be applied to an
upper surface 43A of the bottom part 43 of the compression
member 40 and/or a contact surface 43B with the breast. As
such a medium, for example, a known jelly for an ultrasound
examination, which has the acoustic impedance close to the
acoustic impedance of the human body (breast), can be
applied. That is, the image generation apparatus 10 may
acquire the ultrasound image of the breast put into the
compressed state by the compression member 40 in a state
of being coated with the gel-like or liquid medium having
the ultrasound transmittance, via the compression member
40. In this case, it is possible to suppress entry of air into an
interface between an ultrasound radiation surface of the
ultrasound probe 30 and the upper surface 43A and/or an
interface between the contact surface 43B and the breast,
and it is possible to reduce a difference in the acoustic
impedance at each interface, so that the proportion of the
noise applied to the ultrasound image can be decreased.
[0069] In addition, the method of imaging the breast via
the image generation apparatus 10 is not particularly limited.
For example, cranio-caudal (CC) imaging, medio-lateral
oblique (MLO) imaging, the magnification imaging and the
spot imaging for imaging a part of the breast, and the like
may be performed. The CC imaging is a method of imaging
the breast in the compressed state by interposing the breast
between the imaging table 16 and the compression member
40 in the up-down direction (Z direction). The MLO imag-
ing is a method of imaging the breast in the compressed state
including an axilla portion by interposing the breast between
the imaging table 16 and the compression member 40 in a
tilted state in which a rotation angle of the arm part 12 with
respect to the base 14 is equal to or greater than 45 degrees
and smaller than 90 degrees.

[0070] In addition, for example, the image generation
apparatus 10 may perform tomosynthesis imaging. In the
tomosynthesis imaging, the radiation R is emitted from each
of a plurality of irradiation positions having different irra-
diation angles toward the breast by the radiation source 17R,
to capture a plurality of radiation images of the breast. That
is, in the tomosynthesis imaging, the imaging is performed
by changing the rotation angle of the radiation emitting unit
17 with respect to the base 14 while fixing the angles of the
imaging table 16, the compression member 40, the breast,
and the like.

[0071] In addition, in the image generation apparatus 10,
the breast of the examinee may be positioned not only in a
state in which the examinee is standing (standing state) but
also in a state in which the examinee is sitting on a chair, a
wheelchair, or the like (sitting state).

[0072] The console 50 sets an upper limit value of the
compression force applied to the breast by the compression
member 40 in accordance with the type of the compression
member 40 attached to the image generation apparatus 10.
In addition, the console 50 controls the image generation
apparatus 10 to acquire the radiation image in accordance
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with the imaging order acquired from the RIS 6, the instruc-
tion from the user, and the like. In addition, the console 50
controls a position of the ultrasound probe 30 so that the
ultrasound image can be acquired in accordance with a
position of a region of interest included in the radiation
image captured in the image generation apparatus 10.
[0073] As described above, the image generation appara-
tus 10 according to the present embodiment is provided with
the probe unit 38 between the radiation emitting unit 17 and
the compression unit 48 as described above, and can acquire
both the radiation image and the ultrasound image while the
breast is put into the compressed state by the compression
member 40. Accordingly, a differential determination ability
of a lesion can be improved by facilitating the registration
between these images and displaying both images in a state
of being superimposed on each other.

[0074] In order to enable the registration between the
images of the radiation image and the ultrasound image in
this case with high accuracy, two types of markers including
a first marker and a second marker are provided on the
contact surface 43B of the compression part 42 of the
compression member 40 according to the present embodi-
ment.

[0075] Next, a description of the first marker and the
second marker according to the present embodiment will be
made with reference to FIG. 5. FIG. 5 is a bottom view
showing an example of a schematic configuration of the
compression part 42 of the compression member 40 accord-
ing to the present embodiment.

[0076] As shown in FIG. 5, the contact surface 43B of the
compression part 42 of the compression member 40 accord-
ing to the present embodiment is provided with a first marker
70. Since the first marker 70 is formed of a first material that
is visible in the ultrasound image and is not visible in the
radiation image, and is visible in the ultrasound image, a
position in the compression member 40 is discriminative.
[0077] In the present embodiment, beryllium is applied as
the first material. In Table 1, examples of the materials of
various materials, the X-ray absorption coefficient, the
acoustic velocity, the density, and the acoustic impedance
are shown.

TABLE 1

Representative
X-ray absorption
coefficient at

X-ray wavelength  Acoustic Acoustic
for medical use  velocity Density impedance

Material [Wmm] [m/s] [kg/m?] [Mrayl]
(Human body) — 1,460 To 1,000 146
Beryllium To -0.045 12,880 2,340 30.1
Graphite To 0.1 18,000 2,200 39.6
Aluminum To 1.7 6,380 2,700 17.2
Polycarbonate To 1.2 2,175 To 1,200 2.61

(compression
part)

[0078] As shown in Table 1, beryllium has a significantly
smaller X-ray absorption coeflicient than other materials,
and thus beryllium is not visible in the radiation image. In
addition, since beryllium has a significantly greater acoustic
impedance and a higher acoustic velocity than a human body
or a material of the compression part 42 (polycarbonate in
the example shown in Table 1), beryllium is visible in the
ultrasound image in a state in which the influence of the
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image of the breast or the compression part 42 is minimized.
It should be noted that the first material is not limited to
beryllium, and it is preferable to apply a material having a
relatively small atomic number, such as graphite or alumi-
num. In addition to these materials, as the first material, a
material that has an X-ray absorption coeflicient equal to or
smaller than 1.5 Wmm and has an acoustic impedance
greater than the acoustic impedance of the compression part
42 can be applied.

[0079] As shown in FIG. 5, the compression member 40
according to the present embodiment includes the first
markers 70 are provided on the contact surface 43B in a grid
(lattice). This is because the first marker 70 is used for
distortion correction of the image, which will be described
in detail below. It should be noted that, in the present
embodiment, the first markers 70 form a square in a matrix.
However, the present disclosure is not limited to this, and for
example, the first markers 70 may have a rectangular shape
in a matrix.

[0080] On the other hand, the contact surface 43B accord-
ing to the present embodiment is provided with a second
marker 72. The second marker 72 is provided at a position
that does not affect the image interpretation of the radiation
image, and is formed of a second material that is visible in
the radiation image. In the present embodiment, lead is
applied as the second material, but the present disclosure is
not limited to this. For example, a form may be adopted in
which another metal, such as iron, tungsten, or stainless
steel, is applied as the second material.

[0081] As shown in FIG. 5, the compression member 40
according to the present embodiment includes the second
marker 72 provided at the intersection of the grids of the first
marker 70 and at the outermost intersection on the contact
surface 43B. Each of the second markers 72 according to the
present embodiment has a circular shape in a front view, and
this shape makes it easy to distinguish the second marker 72
from a lesion, an artifact, or the like imaged in the radiation
image.

[0082] In a radiation image 80 obtained in a state in which
the breast is put into the compressed state by the compres-
sion member 40 having the above configuration, as shown in
FIG. 6 as an example, an image (hereinafter, referred to as
a “second image”) 72A of the second marker 72 is imaged
at the position that does not affect the image interpretation
of a breast image 2 A that is the image of the breast. It should
be noted that, in FIG. 6, for the sake of convenience, the
second image 72A is indicated by a black circle, but in the
actual radiation image, a region excluding the second image
72A and the breast image 2A is black, and the second image
72A is white.

[0083] On the other hand, in a C-plane ultrasound image
90 obtained in a state in which the compressed state of the
breast by the compression member 40 is the same as the
compressed state in a case of generating the radiation image
80, as shown in FIG. 7 as an example, an image (hereinafter,
referred to as a “first image™) 70A of the first marker 70 is
imaged in a grid. It should be noted that, also in FIG. 7, for
the sake of convenience, the first image 70A is indicated by
a black line, but in the actual ultrasound image, a region
excluding the first image 70A and the breast image 2A is
black, and the first image 70A is a linear gray image with a
density in accordance with the type of the first material.
[0084] The states of the first marker 70 and the second
marker 72 provided in the compression member 40 accord-
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ing to the present embodiment are not limited to the states
shown in FIG. 5. For example, instead of providing the first
marker 70 in a grid, as shown in FIG. 8 as an example, a
form may be adopted in which the first marker 70 is
provided in a dotted shape at a position of an intersection of
the grids shown in FIG. 5 and other than the intersection at
which the second marker 72 is provided. Each of the first
markers 70 according to this form has a rectangular shape in
a front view, and this shape makes it easy to distinguish the
first marker 70 from a lesion, an artifact, or the like imaged
in the image of the first marker 70 or the radiation image.
[0085] A radiation image 80 obtained in a state in which
the breast is put into the compressed state by the compres-
sion member 40 having this configuration is the same as the
radiation image shown in FIG. 6. On the other hand, in a
C-plane ultrasound image 90 obtained in a state in which the
compressed state of the breast by the compression member
40 is the same as the compressed state in a case of generating
the radiation image 80, as shown in FIG. 9 as an example,
the first image 70A is imaged at the intersection of the grids
and the intersection other than the intersection at which the
second marker 72 is provided. It should be noted that, also
in FIG. 9, for the sake of convenience, the first image 70A
is indicated by a black circle, but in the actual ultrasound
image, a region excluding the first image 70 A and the breast
image 2A is black, and the first image 70A is a dot-shaped
gray image with a density in accordance with the type of the
first material.

[0086] In this way, in the compression member 40 accord-
ing to the present embodiment, the first marker 70 and the
second marker 72 are disposed on the same axis, but the
present disclosure is not limited to this. For example, as
shown in FIG. 10 as an example, a form may be adopted in
which the first marker 70 and the second marker 72 are not
disposed on the same axis line.

[0087] In the example shown in FIG. 10, a form example
is described in which the first marker 70 is disposed in a
patterned manner associated with position information indi-
cating the position in the compression part 42. It should be
noted that, in the example shown in FIG. 10, a case is
described in which the first marker 70 is provided in an
ANOTO (ANOTO (registered trademark)) pattern.

[0088] This pattern is developed to recognize unique iden-
tification of paper or a position in a paper surface, but the
position of each first marker 70 in the compression member
40 can be understood in a case in which the position
information indicating the position of each dot in the com-
pression part 42, that is, the position of the first marker 70
is registered in advance. It should be noted that the pattern
is not limited to the ANOTO pattern, and any pattern can be
applied as long as it is a pattern associated with the position
information in the compression part 42.

[0089] In addition, in the example shown in FIG. 8, a case
is described in which the shape of the first marker 70 is the
rectangular shape and the shape of the second marker 72 is
the circular shape, but the present disclosure is not limited
to this. Any shape such as an ellipse shape, a triangle shape,
a polygon shape of a pentagon or more, a star shape, a cross
shape, or the like can be applied to the shape of each marker.
In a case in which the shapes of the first marker 70 and the
second marker 72 are set to shapes other than the circular
shape or the ellipse shape, it is possible to more easily
distinguish the first marker 70 and the second marker 72
from a lesion, an artifact, or the like. In addition, in a case
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in which the shapes of the first marker 70 and the second
marker 72 are set to shapes other than the circular shape, it
is possible to easily specify the distortion, the inclination, or
the like of the generated ultrasound image and radiation
image.

[0090] As described above, in the compression member 40
according to the present embodiment, the first marker 70 is
provided on the contact surface 43B which is a surface
opposite to a surface with which the ultrasound probe 30 is
in contact.

[0091] For example, as shown in the upper right figure of
FIG. 11 as an example, the first marker 70 can be provided
on the upper surface 43A. However, in this case, it is difficult
to visually recognize the first marker 70 in the ultrasound
image due to multiple reflection of the ultrasound on the
upper surface 43 A, as shown in the upper left figure of FIG.
11.

[0092] In order to avoid this problem, in the compression
member 40 according to the present embodiment, the first
marker 70 is provided on the contact surface 43B as shown
in the lower right figure of FIG. 11 as an example, whereby
the timing of the multiple reflection is shifted and a decrease
in the visibility due to the multiple reflection is suppressed
as shown in the lower left figure of FIG. 11 as an example.

[0093] It should be noted that, as described above, polym-
ethylpentene is suitable as the material of the compression
part 42, and in a case in which polymethylpentene is used,
a form may be adopted in which any one of the following
two forms is applied, instead of the form in which a separate
material, such as beryllium, is applied as the material of the
first marker 70.

[0094] A first form is a form in which a material having a
relatively small atomic number, such as carbon fiber, glass
fiber, magnesium fiber, or cellulose nanofiber, is added to a
portion of the compression part 42 provided with the first
marker 70. In this form, with the addition of these additives,
the portion is solid, or at least the density is changed, and
thus the portion can be distinguished from the base portion
as visibility in the ultrasound image.

[0095] A second form is a form in which air bubbles are
put in a portion of the compression part 42 provided with the
first marker 70 by a technique, such as MuCell (micro
injection foam molding) (registered trademark). In this form,
since the resin having a lower density than the base portion
is used at a position at which the air bubbles are put, the resin
can be distinguished from the base portion as visibility in the
ultrasound image.

[0096] Next, a description of the console 50 according to
the present embodiment will be made.

[0097] A description of an example of a hardware con-
figuration of the console 50 will be made with reference to
FIG. 12. As shown in FIG. 12, the console 50 includes a
CPU 51, a non-volatile storage unit 52, and a memory 53 as
a transitory storage region. In addition, the console 50
includes a display 54, such as a liquid crystal display, an
operation unit 55, such as a touch panel, a keyboard, and a
mouse, and an I/F unit 56. The I/F unit 56 performs wired
or wireless communication with the image generation appa-
ratus 10, the RIS 6, and other external apparatuses. The CPU
51, the storage unit 52, the memory 53, the display 54, the
operation unit 55, and the I/F unit 56 are connected to each
other via a bus 58, such as a system bus and a control bus,
so that various types of information can be exchanged.
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[0098] The storage unit 52 is realized by, for example, a
storage medium, such as an HDD, an SSD, and a flash
memory. A information processing program 57 in the con-
sole 50 is stored in the storage unit 52. The CPU 51 reads out
the information processing program 57 from the storage unit
52 to deploy the information processing program 57 into the
memory 53, and executes the deployed information process-
ing program 57. As the console 50, for example, a personal
computer, a server computer, a smartphone, a tablet termi-
nal, a wearable terminal, or the like can be applied as
appropriate.

[0099] In addition, the storage unit 52 stores the image
data of the radiation image and the ultrasound image
acquired by the image generation apparatus 10, various
types of other information, and the like. The image data of
the radiation image and the ultrasound image may be stored
in association with at least one of the imaging order or the
imaging information. The imaging information may be, for
example, at least one of examinee information and an
imaging item that are included in the imaging order, pho-
tographer information indicating a photographer (for
example, the user, such as the doctor or the technician) who
performs the imaging, or date and time information indicat-
ing date and time when the imaging is performed.

[0100] A description of an example of a functional con-
figuration of the console 50 will be made with reference to
FIG. 13. As shown in FIG. 13, the console 50 includes a
generation unit 60, a position correction unit 62, a distortion
correction unit 64, and a display controller 66. In a case in
which the CPU 51 executes the information processing
program 57, the CPU 51 functions as the generation unit 60,
the position correction unit 62, the distortion correction unit
64, and the display controller 66.

[0101] The generation unit 60 according to the present
embodiment generates the radiation image and the ultra-
sound image in a state in which the compression member 40
is used. In addition, the position correction unit 62 according
to the present embodiment performs position correction of
the ultrasound image and the radiation image by using the
first image 70A, which is the image of the first marker 70
included in the ultrasound image, and the second image
72A, which is the image of the second marker 72 included
in the radiation image. Then, the display controller 66
according to the present embodiment displays the ultrasound
image and the radiation image subjected to the position
correction by the position correction unit 62 in a state of
being superimposed on each other. As described above, in
the present embodiment, the display controller 66 displays
the ultrasound image and the radiation image, which are
subjected to the position correction by the position correc-
tion unit 62, in a state of being superimposed on each other,
but the present disclosure is not limited to this. For example,
a form may be adopted in which the display controller 66
displays the ultrasound image and the radiation image,
which are subjected to the position correction, side by side.

[0102] In the present embodiment, the position correction
of the ultrasound image and the radiation image by the
position correction unit 62 is performed as described below.

[0103] First, it is specified which of all the straight lines
indicated by the first marker 70 is a straight line indicated by
the first image 70A imaged in the ultrasound image, from the
position of the ultrasound probe 30 in a case of obtaining the
ultrasound image.
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[0104] Then, at least one of the ultrasound image or the
radiation image (in the present embodiment, only the ultra-
sound image) is moved so that the center of the correspond-
ing second image 72A is located on an extension line of the
specified straight line.

[0105] On the other hand, in a case in which the display
controller 66 performs the display, the distortion correction
unit 64 according to the present embodiment performs the
distortion correction on at least one of the ultrasound image
or the radiation image (in the embodiment, both the ultra-
sound image and the radiation image).

[0106] That is, the compression part 42 of the compression
member 40 is strained according to the compression force in
a case in which the breast is compressed. Then, in the present
embodiment, the distortion correction unit 64 performs the
distortion correction on both the ultrasound image and the
radiation image.

[0107] In the present embodiment, the distortion correc-
tion for the ultrasound image and the radiation image is
performed by converting the ultrasound image and the
radiation image, which are subjected to the position correc-
tion, such that a grid composed of the first image 70A
imaged in the ultrasound image forms a square in a matrix.
[0108] As described above, the distortion correction unit
64 according to the present embodiment performs the dis-
tortion correction after the position correction by the posi-
tion correction unit 62 is performed, but the present disclo-
sure is not limited to this. For example, a form may be
adopted in which the distortion correction of each of the
ultrasound image and the radiation image by the distortion
correction unit 64 is individually performed before the
position correction by the position correction unit 62 is
performed.

[0109] Further, the generation unit 60 according to the
present embodiment generates a final ultrasound image by
combining the ultrasound images obtained in two stages of
pre-scanning in which the position of the first marker 70
provided in the compression member 40 is used as a focal
length and main-scanning in which the breast put into the
compressed state by the compression member 40 is used as
a focal length.

[0110] Next, a description of an action of the console 50
according to the present embodiment will be made with
reference to FIG. 14. In the console 50, the CPU 51 executes
the information processing program 57 to execute an image
display process shown in FIG. 14. The image display
process is executed, for example, in a case in which the user
gives an instruction to start the execution via the operation
unit 55. It should be noted that, here, in order to avoid
complications, a case is described in which the breast of the
examinee is positioned on the imaging surface 16A of the
imaging table 16 by the user, such as the doctor or the
technician, and is put into the compressed state by the
compression member 40.

[0111] In step S10, the CPU 51 controls the image gen-
eration apparatus 10 to capture the radiation image.

[0112] In step S12, the CPU 51 controls the image gen-
eration apparatus 10 to capture the ultrasound image.
[0113] In this case, the CPU 51 may generate the ultra-
sound image in one scanning, as shown in the upper figure
of FIG. 15 as an example. It should be noted that the upper
figure of FIG. 15 is a waveform diagram showing an
example of a drive pulse for the ultrasound transducer of the
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ultrasound probe 30 in a case in which the ultrasound image
is generated by one scanning.

[0114] However, in this case, since the first marker 70 is
located at a position relatively near the ultrasound probe 30,
the brightness (reflection of ultrasound waves) in the ultra-
sound image is increased, and there is a possibility that
adverse influence on the imaging and the visibility of the
tissue at a deeper portion.

[0115] Then, in the present embodiment, as shown in the
lower figure of FIG. 15 as an example, the pre-scanning
(portion of a pulse for marker investigation shown in the
lower figure of FIG. 15) of scanning only the first marker 70
is incorporated in a sequence of generating the ultrasound
image. It should be noted that the lower figure of FIG. 15 is
a waveform diagram showing an example of a drive pulse
for the ultrasound transducer of the ultrasound probe 30 in
a case in which the ultrasound image is generated by
including the pre-scanning.

[0116] In the present embodiment, first, the CPU 51 per-
forms, as the pre-scanning for the first marker 70, beam
forming in which only the depth in the vicinity of the
compression part 42 is used as the focal length. In addition,
the CPU 51 performs the pre-scanning by relatively lower-
ing a drive voltage of the ultrasound probe 30 and relatively
reducing a pulse width of the drive pulse.

[0117] With this the pre-scanning, halation can be pre-
vented by decreasing the drive voltage, and high resolution
can be achieved by reducing the pulse width. As a result, the
ultrasound image including the first image 70A can be
obtained with high accuracy.

[0118] Next, the CPU 51 generates the ultrasound image
including the breast image 2A by performing the beam
forming at a position deeper than the compression part 42
and using the position of the breast as the focal length, as the
main-scanning for the breast.

[0119] Then, the CPU 51 generates the final ultrasound
image by combining the ultrasound image obtained in the
pre-scanning with the ultrasound wave obtained in the
main-scanning.

[0120] In step S14, the CPU 51 performs the registration
between the generated radiation image and ultrasound
image, as described above.

[0121] It should be noted that, in a case in which the
registration is performed, the CPU 51 adjusts the position of
the second image 72A in the generated radiation image in
accordance with the thickness of the breast as a target.

[0122] That is, as shown in FIG. 16 as an example, the
position of the second image 72A in the generated radiation
image is changed in accordance with the thickness of the
breast as the target. It should be noted that the left figure of
FIG. 16 is a side view showing states of the compression part
42 and the imaging table 16 in a case in which the breast is
relatively thick, and the right figure is a side view showing
states of the compression part 42 and the imaging table 16
in a case where the breast is thinner than the breast shown
in the left figure.

[0123] Inthe example shown in FIG. 16, in a case in which
a distance between the second marker 72 provided on the
chest wall side on the contact surface 43B of the compres-
sion part 42 and the second marker 72 provided on the
anti-chest wall side is 200 mm, the distance in the radiation
image is 236.4 mm (=200x650/550) in a case in which the
thickness of the breast is 100 mm, and the distance in the



US 2024/0315656 Al

radiation image is 216.7 mm (=200x650/600) in a case in
which the thickness of the breast is 50 mm.

[0124] As described above, since the position of the sec-
ond image 72A in the radiation image is changed in accor-
dance with the thickness of the breast as the target, the CPU
51 adjusts the position of the second image 72A in accor-
dance with the thickness of the breast.

[0125] In step S16, the CPU 51 performs the distortion
correction of the radiation image and the ultrasound image,
which are subjected to the position correction, as described
above.

[0126] In step S18, the CPU 51 controls the display 54 to
display the radiation image and the ultrasound image, which
are subjected to the processes described above, in a state of
being superimposed on each other, and in step S20, the CPU
51 waits until predetermined information is input. Herein-
after, the image displayed in a state of being superimposed
on each other will be referred to as a “superimposition
image”.

[0127] FIG. 17 shows an example of a superimposition
image 100 according to the present embodiment. As shown
in FIG. 17, in the superimposition image 100, the generated
radiation image 80 and ultrasound image 90 are displayed in
a state of being superimposed on each other. Therefore, the
user can more easily understand the presence or absence of
a lesion or the state of the lesion in the breast image 2A by
referring to the superimposition image 100.

[0128] After referring to the superimposition image 100,
the user uses the operation unit 55 to designate a termination
button 54A displayed on the screen on which the superim-
position image 100 is displayed. In accordance with this
designation, an affirmative determination is made in step
S20, and the image display process is terminated.

[0129] As described above, the compression member 40
according to the present embodiment comprises the first
marker 70 that is formed of the first material, which is visible
in the ultrasound image and is not visible in the radiation
image, and of which the position in the compression member
40 is discriminative, and the second marker 72 that is
provided at the position, which does not affect the image
interpretation of the radiation image, and is formed of the
second material which is visible in the radiation image.
Therefore, by performing the registration between the ultra-
sound image and the radiation image by using the first image
70A, which is the image of the first marker 70, and the
second image 72A, which is the image of the second marker
72, it is possible to perform the registration between the
radiation image and the ultrasound image with higher accu-
racy than in the related art.

[0130] With the compression member 40 according to the
present embodiment, the first material is beryllium. Accord-
ingly, the first image 70A can be detected more accurately as
compared to a case in which the first material is a material
other than beryllium, and as a result, the registration
between the radiation image and the ultrasound image can
be performed with higher accuracy.

[0131] With the compression member 40 according to the
present embodiment, the first marker 70 is disposed on the
same axis as the second marker 72. Therefore, it is possible
to more easily perform the registration between the radiation
image and the ultrasound image as compared to a case in
which the first marker 70 is disposed irrespective of the
second marker 72.
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[0132] In addition, with the compression member 40
according to the present embodiment, the first marker 70 is
provided on the contact surface 43B which is the surface
opposite to the surface with which the ultrasound probe 30
used to capture the ultrasound image is in contact. Therefore,
the first image 70A in the ultrasound image can be more
easily visible as compared to a case in which the first marker
70 is provided on the upper surface 43 A that is a surface with
which the ultrasound probe 30 is in contact, and as a result,
it is possible to perform the registration between the radia-
tion image and the ultrasound image with higher accuracy.
[0133] With the image generation system 1 according to
the present embodiment, the compression member 40
described above is provided, and the radiation image and the
ultrasound image are generated in a state in which the
compression member 40 is used. Therefore, similarly to the
compression member 40, it is possible to perform the
registration between the radiation image and the ultrasound
image with higher accuracy than in the related art.

[0134] In addition, with the image generation system 1
according to the present embodiment, the position correction
of the ultrasound image and the radiation image is per-
formed by using the first image 70A and the second image
72A, and the ultrasound image and the radiation image,
which are subjected to the position correction, are displayed
in a state of being superimposed on each other. Therefore, by
referring to the displayed image, it is possible to perform the
image interpretation by taking both the advantage of the
ultrasound image and the advantage of the radiation image.
[0135] Further, with the image generation system 1
according to the present embodiment, the final ultrasound
image is generated by combining the ultrasound images
obtained in the two stages of the pre-scanning in which the
position of the first marker 70 provided in the compression
member 40 is used as the focal length and the main-scanning
in which the breast put into the compressed state by the
compression member 40 is used as the focal length. There-
fore, the influence of the first image 70A on the ultrasound
image can be reduced as compared to a case in which the
ultrasound image is generated in one scanning.

[0136] It should be noted that, in the embodiment
described above, a case is described in which the CPU 51
provided in the console 50 is applied as the processor
according to the technique of the present disclosure, but the
present disclosure is not limited to this. For example, a form
may be adopted in which a CPU of the controller 20
provided in the image generation apparatus 10 is applied as
the processor according to the technique of the present
disclosure.

[0137] In addition, in the embodiment described above, a
case is described in which metal that is visible in the
radiation image is applied as the material of the second
marker 72, but the present disclosure is not limited to this.
For example, a form may be adopted in which a colored
material that is visible in an image captured by a visible light
camera is applied as the material of the second marker 72.
In this form, the position of the second marker 72 is specified
from the image captured by the visible light camera.
[0138] That is, there is a case in which a lesion is gener-
ated on the chest wall side in the radiation image, and it is
preferable to avoid the influence of the second marker 72 on
the radiation image on the chest wall side. In a case of a
relatively large breast, there is a possibility that the second
marker 72 also affects the radiation image on the opposite
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side to the chest wall side or in the left-right direction. On
the other hand, it is possible to avoid the influence on the
radiation image by making the second marker 72 of a
material that does not affect the radiation image.

[0139] In addition, in this form, a form is preferable in
which the first marker 70 is shared as the second marker 72
by performing the coloring on the first marker 70, because
the number of markers can be reduced.

[0140] In the embodiment described above, a case is
described in which the first marker 70 and the second marker
72 are directly provided on the compression part 42 of the
compression member 40, but the present disclosure is not
limited to this. For example, a form may be adopted in which
a sheet made of paper or the like in which the first marker
70 and the second marker 72 are provided is prepared, and
the sheet is placed on the compression part 42 only in a case
in which the ultrasound image and the radiation image are
generated. Since the sheet in this case has adhesiveness, the
sheet can be easily attached to the contact surface 43B of the
compression part 42.

[0141] In addition, although not described in the embodi-
ment described above, a form may be adopted in which the
ultrasound image is generated using a so-called space com-
pound method of emitting beams for capturing the ultra-
sound image from a plurality of directions toward a depth
direction to combine the beams in a case in which the
ultrasound image is captured. Accordingly, it is possible to
give a filtering effect of reducing the noise to the ultrasound
image.

[0142] In the embodiment described above, a case is
described in which the ultrasound probe 30 is automatically
moved in a case of generating the ultrasound image, but the
present disclosure is not limited to this. For example, a form
may be adopted in which a known probe in the related art,
such as a one-dimensional probe or a two-dimensional
probe, is applied instead of the ultrasound probe 30, and a
person may manually move the ultrasound probe to generate
the ultrasound image.

[0143] It should be noted that, in the embodiment
described above, for example, as hardware structures of
processing units that execute various types of processes,
such as the generation unit 60, the position correction unit
62, the distortion correction unit 64, and the display con-
troller 66, various processors shown below can be used. As
described above, in addition to the CPU that is a general-
purpose processor that executes software (program) to func-
tion as various processing units, the various processors
include a programmable logic device (PLD) that is a pro-
cessor of which a circuit configuration can be changed after
manufacture, such as a field programmable gate array
(FPGA), and a dedicated electric circuit that is a processor
having a circuit configuration that is designed for exclusive
use in order to execute a specific process, such as an
application specific integrated circuit (ASIC).

[0144] One processing unit may be configured by using
one of the various processors or may be configured by using
a combination of two or more processors of the same type
or different types (for example, a combination of a plurality
of FPGAs or a combination of a CPU and an FPGA).
Moreover, a plurality of processing units may be configured
of one processor.

[0145] A first example of the configuration in which the
plurality of processing units are configured by using one
processor is a form in which one processor is configured by
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using a combination of one or more CPUs and the software
and this processor functions as the plurality of processing
units, as represented by computers, such as a client and a
server. A second example is a form of using a processor that
realizes the function of the entire system including the
plurality of processing units by one integrated circuit (IC)
chip, as represented by a system on chip (SoC) or the like.
In this way, as the hardware structure, the various processing
units are configured by using one or more of the various
processors described above.

[0146] Further, the hardware structure of these various
processors is, more specifically, an electric circuit (circuitry)
in which circuit elements such as semiconductor elements
are combined.

[0147] In addition, in the embodiment described above,
the aspect is described in which the information processing
program 57 is stored (installed) in the storage unit 52 of the
console 50 in advance, but the present disclosure is not
limited to this. The information processing program 57 may
be provided in a form of being recorded in a recording
medium, such as a compact disc read only memory (CD-
ROM), a digital versatile disc read only memory (DVD-
ROM), and a universal serial bus (USB) memory. In addi-
tion, a form may be adopted in which the information
processing program 57 is downloaded from an external
apparatus via the network.

[0148] From the above description, the invention
described in the following additional notes can be grasped.

Additional Note 1

[0149] A compression member that puts a breast disposed
between a radiation source and a radiation detector into a
compressed state, the compression member comprising: a
first marker that is formed of a first material, which is visible
in an ultrasound image and is not visible in a radiation
image, and of which a position in the compression member
is discriminative; and a second marker that is provided at a
position, which does not affect an image interpretation of the
radiation image, and is formed of a second material which
is visible in the radiation image.

Additional Note 2

[0150] The compression member according to additional
note 1, in which the first material is beryllium.

Additional Note 3

[0151] The compression member according to additional
note 1 or 2, in which the first marker is disposed on the same
axis as the second marker.

Additional Note 4

[0152] The compression member according to any one of
additional notes 1 to 3, in which the first marker is disposed
in a patterned manner associated with position information
in the compression member.

Additional Note 5

[0153] The compression member according to any one of
additional notes 1 to 4, in which the first marker is provided
on a surface opposite to a surface with which an ultrasound
probe used to capture the ultrasound image is in contact.
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Additional Note 6

[0154] An image generation system including the com-
pression member according to any one of additional notes 1
to 5, the image generation system comprising: at least one
processor, in which the processor generates a radiation
image and an ultrasound image in a state in which the
compression member is used.

Additional Note 7

[0155] The image generation system according to addi-
tional note 6, in which the processor performs position
correction of the ultrasound image and the radiation image
by using a first image, which is an image of the first marker
included in the ultrasound image, and a second image, which
is an image of the second marker included in the radiation
image, and displays the ultrasound image and the radiation
image, which are subjected to the position correction, side
by side or displays the ultrasound image and the radiation
image, which are subjected to the position correction, in a
state of being superimposed on each other.

Additional Note 8

[0156] The image generation system according to addi-
tional note 7, in which the processor performs distortion
correction on at least one of the ultrasound image or the
radiation image in a case in which the display is performed.

Additional Note 9

[0157] The image generation system according to addi-
tional note 7 or 8, in which the processor generates the
ultrasound image by combining ultrasound images obtained
in two stages of pre-scanning in which the position of the
first marker provided in the compression member is used as
a focal length and main-scanning in which the breast put into
the compressed state by the compression member is used as
a focal length.

Additional Note 10

[0158] The image generation system according to any one
of additional notes 7 to 9, in which, in a case in which the
ultrasound image is captured, the processor emits beams for
capturing the ultrasound image from a plurality of directions
toward a depth direction to combine the beams.

Additional Note 11

[0159] A program executed in an image generation system
including the compression member according to any one of
additional notes 1 to 5, the program for causing a computer
to execute a process comprising: generating a radiation
image and an ultrasound image in a state in which the
compression member is used.

What is claimed is:

1. A compression member that puts a breast disposed
between a radiation source and a radiation detector into a
compressed state, the compression member comprising:

a first marker that is formed of a first material, which is
visible in an ultrasound image and is not visible in a
radiation image, and of which a position in the com-
pression member is discriminative; and
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a second marker that is provided at a position, which does
not affect an image interpretation of the radiation
image, and is formed of a second material which is
visible in the radiation image.

2. The compression member according to claim 1,

wherein the first material is beryllium.
3. The compression member according to claim 1,
wherein the first marker is disposed on the same axis as
the second marker.
4. The compression member according to claim 1,
wherein the first marker is disposed in a patterned manner
associated with position information in the compres-
sion member.
5. The compression member according to claim 1,
wherein the first marker is provided on a surface opposite
to a surface with which an ultrasound probe used to
capture the ultrasound image is in contact.
6. An image generation system including the compression
member according to claim 1, the image generation system
comprising:
at least one processor,
wherein the processor generates a radiation image and an
ultrasound image in a state in which the compression
member is used.
7. The image generation system according to claim 6,
wherein the processor
performs position correction of the ultrasound image
and the radiation image by using a first image, which
is an image of the first marker included in the
ultrasound image, and a second image, which is an
image of the second marker included in the radiation
image, and

displays the ultrasound image and the radiation image,
which are subjected to the position correction, side
by side or displays the ultrasound image and the
radiation image, which are subjected to the position
correction, in a state of being superimposed on each
other.

8. The image generation system according to claim 7,

wherein the processor performs distortion correction on at
least one of the ultrasound image or the radiation image
in a case in which the display is performed.

9. The image generation system according to claim 7,

wherein the processor generates the ultrasound image by
combining ultrasound images obtained in two stages of
pre-scanning in which the position of the first marker
provided in the compression member is used as a focal
length and main-scanning in which the breast put into
the compressed state by the compression member is
used as a focal length.

10. The image generation system according to claim 7,

wherein, in a case in which the ultrasound image is
captured, the processor emits beams for capturing the
ultrasound image from a plurality of directions toward
a depth direction to combine the beams.

11. A non-transitory storage medium storing a program
executed in an image generation system including the com-
pression member according to claim 1, the program for
causing a computer to execute a process comprising:

generating a radiation image and an ultrasound image in
a state in which the compression member is used.
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