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ULTRASOUND DIAGNOSTIC DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasound
diagnostic device.

BACKGROUND

[0002] An ultrasound diagnostic device is used for diag-
nosis of tissues and the like in a living body and is particu-
larly useful in diagnosis of a fetus. Conventionally, there
have been proposed various techniques related to diagnosis
of a fetus (refer to Patent Documents 1 to 3). For example,
based on an ultrasound image showing the figure of a fetus
in the womb, the development of the fetus and the like can
be diagnosed.

CITATION LIST

Patent Literature

[0003] Patent Document 1: JP 2007-252725 A
[0004] Patent Document 2: JP 2006-223712 A
[0005] Patent Document 3: JP 2011-98191 A
[0006] Patent Document 4: JP 2011-83439 A
SUMMARY
Technical Problem
[0007] In addition to the fetus, the placenta and floating

matters in the amniotic fluid are also present in the womb,
and upon displaying the figure of the fetus such as, for
example, the face of the fetus, in an ultrasound image, the
placenta, the floating matters, and the like may become
obstacles for display. Therefore, it is desirable to enable
clear display, in a selective manner, of an image portion of
the fetus in an ultrasound image showing the fetus, while
removing image portions of the placenta and the floating
matters that become obstacles for display. However, in many
cases, floating matters particularly float in the form of a
plurality of discrete masses in the amniotic fluid, and it is not
easy to remove the plurality of masses.

[0008] The present invention has been conceived in view
of the background described above, and an object thereof is
to provide a technique of clearly displaying a display target
such as, for example, a fetus, in a selective manner in an
ultrasound image.

Solution to Problem

[0009] An ultrasound diagnostic device which is prefer-
able as a specific example of the present invention is
characterized in that the device has an identification unit that
identifies, in ultrasonic volume data, one or more voxel
groups composed of a plurality of voxels having voxel data
that satisfy connection conditions, based on voxel data of a
plurality of voxels constituting the volume data, and an
image forming unit that forms, based on voxel data of a
plurality of voxels corresponding to a voxel group that is a
display target among the identified one or more voxel
groups, an ultrasound image clearly displaying the display
target in a selective manner.

[0010] The volume data that are an object to be processed
by the above device are formed based on echo data collected
stereoscopically (in three dimensions) from a three-dimen-
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sional region by, for example, transmitting and receiving
ultrasonic waves. The volume data are composed of, for
example, voxel data of a plurality of voxels arranged in three
dimensions (provided with addresses in three dimensions).
Voxel data of each voxel can be obtained based on the echo
data. As a matter of course, the echo data may be used as the
voxel data without change.

[0011] The identification unit of the above device then
identifies one or more voxel groups in the volume data. One
voxel group corresponds to, for example, one tissue or one
tissue piece. For example, a mass composed of a plurality of
adjacent voxels that can be regarded to have comparable
luminance values (values based on the voxel data), is
recognized as one voxel group. Specifically, for example, in
the case of volume data in the womb, a plurality of voxels
corresponding to the face of the fetus constitute one voxel
group, and each of a plurality of floating matters is identified
as one voxel group.

[0012] Furthermore, at least one group of one or more
voxel groups identified by the identification unit of the
above device is set as a display target. For example, when
only one voxel group is identified, that voxel group is set as
a display target, and when a plurality of voxel groups are
identified, for example, one or more voxel groups specified
by the user are set as display targets. In addition, it is also
possible, for example, to specify voxel groups that become
non-display targets by the user, and regard voxel groups
other than them as display targets. For example, when
volume data in the womb constitute a target to be processed,
a voxel group corresponding to the face of the fetus is set as
a display target, and voxel groups corresponding to the
floating matters in the amniotic fluid are set as non-display
targets.

[0013] The image forming unit of the above device forms
an ultrasound image that clearly displays the display target
in a selective manner. Clear display of the display target in
a selective manner includes display of an image portion of
that display target with higher priority than other image
portions. For example, it is preferable that the image portion
of the display target is displayed without being disturbed by
other image portions. Specifically, only the image portion of
the display target may be displayed, or the image portion of
the display target may be displayed on the frontmost side
(viewpoint side of an image). The display target may also be
displayed clearly by differentiating display modes between
the display target and the non-display targets by, for
example, displaying as transparent the image portions other
than the display target.

[0014] With this process, it becomes possible to clearly
display a desired display target in a selective manner in an
ultrasound image. For example, it becomes possible to
clearly display the face of a fetus in an ultrasound image
showing the inside of the womb, without being disturbed by
floating matters in the amniotic fluid.

[0015] In a preferable specific example, the ultrasound
diagnostic device is characterized in that it further has a
determination unit that determines, for each voxel group
identified by the identification unit, whether that voxel group
is a display target, and a storage unit that stores reference
data indicating, for each voxel group, whether that voxel
group is a display target.

[0016] In the preferable specific example, the ultrasound
diagnostic device is characterized in that the storage unit
stores, as the reference data, reference volume data com-
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posed of mark data indicating, for each voxel of the plurality
of voxels constituting the volume data, whether that voxel is
a display target, and in that the determination unit updates
the reference volume data such that the mark data of a
plurality of voxels belonging to a voxel group that is
determined to be the display target show the display target.

[0017] In the preferable specific example, the ultrasound
diagnostic device further has a setting unit that sets a
reference point within the volume data based on instructions
from the user, and the ultrasound diagnostic device is
characterized in that the identification unit identifies the
voxel group composed of the plurality of voxels that satisfy
the connection conditions, using a voxel corresponding to
the reference point as an origin.

[0018] In the preferable specific example, the ultrasound
diagnostic device is characterized in that the setting unit sets,
as the reference point, a specified point which is set by the
user in a tomographic image corresponding to a cross
section in the volume data.

[0019] In the preferable specific example, the ultrasound
diagnostic device is characterized in that a three-dimen-
sional image showing the inside of the volume data stereo-
scopically is formed based on pixel data obtained from a
plurality of rays passing through the inside of the volume
data, and that the setting unit sets the reference point on a ray
corresponding to pixel data of a specified point set by the
user in the three-dimensional image.

[0020] In the preferable specific example, the ultrasound
diagnostic device is characterized in that the setting unit
searches a voxel region corresponding to the face of a fetus
based on voxel data of a plurality of voxels constituting the
ray corresponding to the specified point, and sets the refer-
ence point within the voxel region.

[0021] In the preferable specific example, the ultrasound
diagnostic device is characterized in that the identification
unit identifies, as the voxel group, a plurality of voxels that
satisfy the connection conditions using a voxel correspond-
ing to the reference point as an origin and that are within a
specified distance from the reference point.

[0022] In the preferable specific example, the ultrasound
diagnostic device is characterized in that the identification
unit identifies, as the voxel group, a plurality of voxels that
satisfy the connection conditions using a voxel correspond-
ing to the reference point as an origin and that are less than
a specified number of voxels.

[0023] In the preferable specific example, the ultrasound
diagnostic device is characterized in that one or more voxel
groups identified by the identification unit include a voxel
group corresponding to the face of the fetus which is a
display target, and in that the image forming unit forms an
ultrasound image clearly displaying the face of the fetus in
a selective manner based on voxel data of a plurality of
voxels constituting the voxel group corresponding to the
face of the fetus.

[0024] In the preferable specific example, the ultrasound
diagnostic device is characterized in that, based on the voxel
data of the plurality of voxels corresponding to the face of
the fetus and voxel data of a plurality of voxels that satisfy
conditions for a background tissue in the volume data, the
image forming unit forms an ultrasound image that shows
the face of the fetus and the background tissue.
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Advantageous Effects of Invention

[0025] With the present invention, it becomes possible to
clearly display a desired image portion in an ultrasound
image in a selective manner. For example, it becomes
possible to clearly display the face of a fetus in an ultrasound
image showing the inside of the womb, without being
disturbed by floating matters in the amniotic fluid.

BRIEF DESCRIPTION OF DRAWINGS

[0026] FIG. 1 is an overall block diagram of a preferable
ultrasound diagnostic device in implementation of the pres-
ent invention.

[0027] FIG. 2 is a diagram showing a specific example of
volunie data.

[0028] FIG. 3 is a diagram showing specific examples of
display images.

[0029] FIG. 4 is a diagram showing a specific example in
which a reference point is set from a specified point in a
three-dimensional image.

[0030] FIG. 5 is a diagram for illustrating the principle of
a region growing method.

[0031] FIG. 6 is a diagram showing a specific example of
a plurality of voxel groups.

[0032] FIG. 7 is a diagram showing a specific example of
reference data.
[0033] FIG. 8 is a diagram showing specific examples of

three-dimensional images.

[0034] FIG. 9 is a diagram showing a specification
example 1 of a display target and a non-display target.
[0035] FIG. 10 is a diagram showing a specification
example 2 of display targets and a non-display target.
[0036] FIG. 11 is a diagram showing a specific example of
processing performed by the ultrasound diagnostic device in
FIG. 1.

[0037] FIG. 12 is a diagram showing an image processing
example in which a background is added to a display target.

DESCRIPTION OF EMBODIMENTS

[0038] FIG. 1 is an overall block diagram of a preferable
ultrasound diagnostic device in implementation of the pres-
ent invention. A probe 10 is an ultrasonic probe that trans-
mits and receives ultrasonic waves to/from a three-dimen-
sional space including an object to be diagnosed. The probe
10 has a plurality of transducer elements, and each trans-
ducer element transmits ultrasonic waves to the three-
dimensional space in response to a transmission signal
obtained from a transmission and reception unit 12. Each
transducer element that receives a reflected ultrasonic wave
(echo) from the three-dimensional space also outputs a
received wave signal to the transmission and reception unit
12 according to that reflected wave.

[0039] The transmission and reception unit 12 outputs a
transmission signal corresponding to each of the plurality of
transducer elements of the probe 10 to execute transmission
control of the probe 10. By that transmission control, an
ultrasonic transmission beam is formed, and the transmis-
sion beam is scanned in the three-dimensional space.
[0040] A beam data processing unit 20 obtains from the
transmission and reception unit 12a plurality of received
wave signals corresponding to the plurality of transducer
elements of the probe 10, and performs beam forming
processing, such as phasing addition processing, on the
plurality of received wave signals. By this processing,
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ultrasonic reception beams are formed and scanned in the
three-dimensional space. That is, the reception beams are
scanned in the three-dimensional space while their beam
addresses are differentiated, and the beam data processing
unit 20 forms a plurality of pieces of line data corresponding
to the plurality of beam addresses. Each piece of line data is
composed of a plurality of pieces of echo data.

[0041] In this way, the ultrasonic beams (transmission
beams and their corresponding reception beams) are scanned
stereoscopically in the three-dimensional space, and the
plurality of pieces of echo data can be obtained from the
inside of the three-dimensional space. The probe 10 is a 3D
probe that scans the ultrasonic beams in the three-dimen-
sional space and collects the pieces of echo data stereoscopi-
cally. For example, by mechanically moving a scanning
plane that is electronically formed by a plurality of trans-
ducer elements arranged in one dimension (1D array trans-
ducers), ultrasonic beams are scanned in three dimensions.
A plurality of transducer elements arranged in two dimen-
sions (2D array transducers) may also be controlled elec-
tronically to scan ultrasonic beams in three dimensions.
[0042] A three-dimensional data storage unit 30 stores
volume data based on the plurality of pieces of echo data
obtained from the inside of the three-dimensional space. For
example, the beam data processing unit 20 performs coor-
dinate conversion processing or the like on the plurality of
pieces of echo data and converts the data into a preferable
coordinate system in a later process. The three-dimensional
data storage unit 30 then stores the data after conversion as
volume data.

[0043] For example, the beam data processing unit 20
performs three-dimensional coordinate conversion process-
ing and interpolation processing or the like on the plurality
of pieces of echo data obtained in the ultrasonic scanning
coordinate system (e.g. 1, 0, ¢ coordinate system), thereby
forming volume data corresponding to a three-dimensional
rectangular coordinate system (X-y-z coordinate system),
and the three-dimensional data storage unit 30 stores the
volume data.

[0044] The beam data processing unit 20 may perform
two-dimensional coordinate conversion processing on the
plurality of pieces of echo data, thereby converting, of the
scanning coordinate system, the r, 6 coordinate system
corresponding to the scanning plane to the rectangular
coordinate system (x-y coordinate system), and the three-
dimensional data storage unit 30 may store the data after
conversion as volume data. In addition, the plurality of
pieces of echo data, which are obtained by scanning ultra-
sonic waves stereoscopically in the three-dimensional space,
may be provided with addresses corresponding to the scan-
ning coordinate system corresponding to stereoscopic scan-
ning of ultrasonic waves (e.g. r, 0, ¢ coordinate system), and
stored in three-dimensional data storage unit 30 as volume
data.

[0045] FIG. 2 is a diagram showing a specific example of
volume data 32. FIG. 2 shows the volume data 32 in the xyz
rectangular coordinate system corresponding to the three-
dimensional space including a fetus which is a preferable
specific example of an object to be diagnosed. The volume
data 32 are composed of voxel data of a plurality of voxels
provided with addresses in three dimensions in the xyz
rectangular coordinate system.

[0046] As shown in the specific example in FIG. 2,
because not only the fetus but also floating matters in the
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amniotic fluid are present in the womb, portions correspond-
ing to the fetus and the floating matters in the amniotic fluid
are included in the volume data 32 including the fetus in the
three-dimensional space. The placenta and a portion of the
uterine wall can be included in the volume data 32.

[0047] Referring to FIG. 1 again, an image forming unit
80 forms an ultrasound image based on the volume data 32
(FIG. 2) stored in the three-dimensional data storage unit 30.
Based on the volume data 32 corresponding to the three-
dimensional space including the object to be diagnosed, the
image forming unit 80 forms a three-dimensional ultrasound
image stereoscopically showing that object to be diagnosed.
A preferable specific example of a three-dimensional ultra-
sound image is a rendering image that can be obtained by
known volume rendering processing.

[0048] In volume rendering processing, for example, as
shown in the specific example in FIG. 2, a virtual viewpoint
VP is set on the outside of the volume data 32 corresponding
to the three-dimensional space, and a screen is virtually set
as a two-dimensional plane on the opposite side to the
viewpoint VP with the volume data 32 therebetween. A
plurality of rays (perspective rays) are defined based on that
viewpoint VP as a reference. Fach ray is set so as to
penetrate through the volume data 32. With this setting, on
each ray, or near each ray, pieces of voxel data of a plurality
of voxels corresponding to that ray are associated. When
voxel calculation is then performed, per ray, on a plurality of
voxels corresponding to that ray from the viewpoint VP side
in a sequential manner based on the rendering method, a
pixel value corresponding to that ray is determined as a
result of final voxel calculation. By mapping on the screen
aplurality of pixel values obtained from the plurality of rays,
a rendering image can be obtained.

[0049] Further, the image forming unit 80 in FIG. 1 forms
a tomographic image corresponding to a cross section in the
volume data 32. The image forming unit 80 forms, for
example, tomographic images corresponding to three cross
sections that are orthogonal to each other (three orthogonal
cross sections) in the volume data 32. The ultrasound images
formed in the image forming unit 80 are displayed on a
display unit 82 as display images.

[0050] FIG. 3 is a diagram showing specific examples of
display images. A three-dimensional image in FIG. 3 is a
specific example of a rendering image formed by the image
forming unit 80 and is obtained based on the volume data 32
in FIG. 2. In the specific examples shown in FIG. 3, the
fetus, which is a preferable specific example of the object to
be diagnosed, is shown stereoscopically in the three-dimen-
sional image.

[0051] A reference cross section A, a reference cross
section B, and a reference cross section C shown in FIG. 3
are specific examples of three orthogonal cross sections
formed by the image forming unit 80 and are obtained based
on the volume data 32 shown in FIG. 2. For example, the
three orthogonal cross sections are set so as to intersect with
each other at the center of the volume data 32 shown in FIG.
2. Itis also possible to set the three orthogonal cross sections
so as to intersect with each other at a point other than the
center of the volume data 32. Cross sections are not limited
to the three orthogonal cross sections, and it is alternatively
possible to set any cross section in the volume data 32 and
form a tomographic image corresponding to that cross
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section. As a matter of course, positions and inclinations of
the cross sections in the volume data 32 may be made
adjustable as appropriate.

[0052] Now, there are also the placenta and floating mat-
ters in the amniotic fluid in the womb, and upon showing the
figure of the fetus, such as the face of the fetus, in an
ultrasound image, the placenta, the floating matters, and the
like may become obstacles for display. For example, if a
three-dimensional image (rendering image) of the fetus
viewed from the viewpoint VP is formed based on the
volume data 32 shown in FIG. 2, as shown in the three-
dimensional image in FIG. 3, the floating matters that are
nearer to the viewpoint VP than the fetus are displayed on
the front side (viewpoint VP side) of the fetus, and this may
become an obstacle for display of the fetus.

[0053] Therefore, the ultrasound diagnostic device in FIG.
1 has a function of clearly displaying an image portion of a
display target in a selective manner such that, for example,
the image portion of the display target (the fetus or the like)
is not disturbed by other image portions (the floating matter
or the like). That function will be described below. In the
following description, the components shown in FIG. 1
(units with the reference numbers) will be assigned the
reference numbers used in FIG. 1.

[0054] A reference point setting unit 40 sets a reference
point in the volume data 32 (FIG. 2) based on instructions
from the user. The reference point setting unit 40 sets, as the
reference point, a specified point that is, for example, set by
the user in a tomographic image corresponding to a cross
section in the volume data 32.

[0055] FIG. 3 shows a specific example of a specified
point set by the user in a tomographic image corresponding
to a cross section in the volume data 32 (FIG. 2). The user
operates an operating device 92, such as a track ball, while
looking at, for example, the ultrasound image of FIG. 3
displayed on the display unit 82, and determines a position
of a specified point, thereby setting the specified point in the
tomographic image. With this operation, the specified point
is set at an image portion which is a display target.

[0056] FIG. 3 shows a specific example where a specified
point is set at an image portion of the fetus in the reference
cross section B. The reference cross section B is a cross
section set in the volume data 32, and its geomettic position
(including its inclination) in the xyz rectangular coordinate
system is known. Therefore, once one specified point is set
in the reference cross section B, the coordinates of that
specified point in the xyz rectangular coordinate system are
determined. Accordingly, the reference point setting unit 40
sets a reference point at the position (coordinates) of the
specified point, which is set in the reference cross section B,
in the xyz rectangular coordinate system.

[0057] The user may also set a specified point in a three-
dimensional image. When the specified point is set in the
three-dimensional image, the reference point setting unit 40
sets a reference point on a ray corresponding to a pixel of the
reference point set by the user.

[0058] FIG. 4 is a diagram showing a specific example in
which a reference point is set from a specified point in a
three-dimensional image. For example, the user operates the
operating device 92 such as a track ball, while looking at, for
example, a three-dimensional image displayed on the dis-
play unit 82, and determines a position of a specified point
to thereby set the specified point in the three-dimensional
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image. With this operation, the specified point is set at an
image portion which is a display target.

[0059] FIG. 4 shows a specific example where the speci-
fied point is set at an image portion of the fetus in the
three-dimensional image. The three-dimensional image s,
for example, a rendering image obtained by known volume
rendering processing. As already described, the rendering
image can be obtained by mapping on the screen a plurality
of pixel values obtained from a plurality of rays. Therefore,
once the specified point is set in the rendering image, a pixel
at a position corresponding to that specified point can be
determined, and one ray corresponding to that pixel can be
further identified.

[0060] Accordingly, the reference point setting unit 40
identifies one ray corresponding to the specified point,
searches a voxel region corresponding to the fetus based on
pieces of voxel data of a plurality of voxels corresponding
to that ray, and sets a reference point within that voxel
region.

[0061] Specifically, as shown in FIG. 4, concerning a
plurality of voxels arranged along a ray corresponding to the
specified point (passing through the specified point), pieces
of voxel data of the voxels are sequentially confirmed from
the one on the viewpoint VP side. Voxel data of each voxel
has a value (voxel value) according to the size of echo data
at a position of that voxel. Therefore, in the amniotic fluid
where the fetus is included, the voxels corresponding to the
amniotic fluid have relatively small voxel values, while the
voxels corresponding to the fetus have relatively large voxel
values. The size of the voxel value can be distinguished by
binarization processing, for example.

[0062] The reference point setting unit 40 compares the
voxel values of the voxels with a threshold, and determines
that the voxels having voxel values greater than the thresh-
old (equal to or greater than the threshold) correspond to the
fetus, and that the voxels having voxel values equal to or less
than the threshold (less than the threshold) correspond to the
amniotic fluid. However, because floating matters in the
amniotic fluid also have voxel values larger than that of the
amniotic fluid, when, for example, as in the specific example
shown in FIG. 4, there is a floating matter on the ray passing
through the specified point, a voxel corresponding to the
floating matter may be misunderstood as a voxel corre-
sponding to the fetus in determination by binarization pro-
cessing alone.

[0063] Therefore, the reference point setting unit 40 deter-
mines that, if voxels having voxel values equal to or greater
than (greater than) the threshold continue a reference num-
ber of times or more (e.g. any one of five to ten), a region
including the plurality of consecutive voxels is a voxel
region corresponding to the fetus, and sets a reference point
of the fetus in that voxel region. That is, because the floating
matter is smaller than the fetus, it is determined that the
plurality of consecutive voxels are a voxel region corre-
sponding to the fetus only when voxels having values equal
to or greater than the threshold continue the reference
number of times or more.

[0064] The reference point setting unit 40 then sets a
reference point within the voxel region corresponding to the
fetus. The reference point is set at the center of the voxel
region, for example. The reference point may, of course, be
set at a position other than the center of the voxel region
corresponding to the fetus.
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[0065] 1In addition, if the user sets a specified point in an
object other than the fetus, the reference point setting unit 40
sets a reference point of the object corresponding to that
specified point. For example, when the user sets specified
points for a plurality of objects, the reference point setting
unit 40 sets, for each object, a reference point of that object.

[0066] Once the reference point setting unit 40 sets the
reference point, a voxel group identification unit 50 identi-
fies one or more voxel groups composed of a plurality of
voxels having pieces of voxel data that satisfy connection
conditions in the volume data 32 (FIG. 2) in which the
reference point is set. Upon identifying one or more voxel
groups, any known techniques may be used, and a typical
example is a region growing method.

[0067] FIG. 5 is a diagram for illustrating the principle of
a region growing method. FIG. 5§ shows the volume data 32
in the xyz rectangular coordinate system corresponding to
the three-dimensional space including the fetus.

[0068] The principle of the region growing method is as
follows. First, a first target voxel is specified (step 1). Next,
among a plurality of voxels adjacent to or close to the
circumference of that target voxel, a suitable voxel that
meets region conditions is searched (step 2), and the suitable
voxel searched in step 2 is set as a new target voxel (step 3).
Step 2 and step 3 are then repeated, and when no new
suitable voxel that meets the region conditions remains, one
region (voxel group) is determined (step 4). That is, one
voxel group composed of a mass of voxels that meet the
region conditions is determined.

[0069] When the principle of the region growing method
is applied to a specific example shown in FIG. 5, first, the
voxel group identification unit 50 sets a voxel corresponding
to a reference point set by the reference point setting unit 40
as a first target voxel (step 1). If the reference point is set at
a voxel corresponding to the fetus, one voxel corresponding
to the fetus becomes the first target voxel.

[0070] Next, the voxel group identification unit 50 uses a
window W having the target voxel at the center and searches
a suitable voxel (step 2). For example, as shown in FIG. 5,
a window W corresponding to three voxels in each of the x
axis direction, the y axis direction, and the z axis direction;
ie., 27 voxels in total, is used, and the window W is
positioned such that the target voxel is at the center of the
window W. Among 26 surrounding voxels adjacent to the
target voxel in the window W, a suitable voxel that meets the
region conditions is then searched.

[0071] The region conditions include, for example, being
a voxel corresponding to the same tissue as the target voxel.
Specifically, for example, a voxel value (luminance value) of
the target voxel is used as a reference value, and, among 26
surrounding voxels, one or more voxels having voxel values
within a range of £10% of the reference value are regarded
as suitable voxels. Suitable voxels may, of course, be
determined according to other specific examples.

[0072] The voxel group identification unit 50 then uses
each of the suitable voxels as a new target voxel (step 3), and
moves the window W such that the new target voxel is at the
center to search a suitable voxel (step 2). In this way, step 2
and step 3 are repeated, and when no new suitable voxel that
meets the region conditions remains, one region (voxel
group) is determined (step 4). If the reference point is set at
a voxel corresponding to the fetus, a voxel group corre-
sponding to the fetus is determined.
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[0073] 1In addition, if the reference point setting unit 40
sets reference points corresponding to a plurality of objects,
the voxel group identification unit 50 identifies, for each
object, a voxel group corresponding to that object.

[0074] The voxel group identification unit 50 may cause
the window W to move in a wide area in the volume data 32;
for example, so as to cover all the area of the volume data
32 to determine voxel groups other than the fetus. For
example, among a plurality of voxels having voxel values
greater than (equal to or greater than) the threshold in the
volume data 32, a voxel that differs from the voxel group of
the fetus is set as a first target voxel, and the above-described
step 1 to step 4 are performed.

[0075] For example, by regarding all voxels having voxel
values greater than the threshold (equal to or greater than the
threshold) in the volume data 32 as objects to be processed
by the region growing method, it then becomes possible to
determine all voxel groups in the volume data 32. If the
number of suitable voxels that meet the region conditions is
small (equal to or less than the reference number), the voxels
may be excluded from the voxel groups.

[0076] Further, an upper limit of the number of voxels
constituting a voxel group may be set. For example, by
setting a reference point at the face of the fetus and regarding
a plurality of voxels including a voxel of that reference point
up to the limit number as one voxel group, it is possible to
obtain a voxel group where only the face of the fetus is
present (the face is dominant). Furthermore, in place of the
upper limit number or in addition to the upper limit number,
the size of a voxel group may be limited according to the
distance from the reference point (first target voxel). The
upper limit number of voxels and the distance from the
reference point may be adjustable as appropriate by the user.
[0077] FIG. 6 is a diagram showing a specific example of
a plurality of voxel groups. FIG. 6 shows a specific example
of a plurality of voxel groups determined in the volume data
32 (FIG. 2, FIG. 5) corresponding to the three-dimensional
space including the fetus.

[0078] InFIG. 6, aregion1 is a voxel group corresponding
to the face of the fetus at which a reference point is set. A
region 2 is a voxel group corresponding to the hand of the
same fetus. If, in the volume data 32, a voxel portion of the
face of the fetus and a voxel portion of the hand of the fetus
are separate, those two voxel portions are recognized as
different voxel groups, as shown in FIG. 6. Even if, in the
volume data 32, the voxel portion of the face of the fetus is
connected to the voxel portion of the hand, the above-
described limits, such as the upper limit number of voxels
and the distance from the reference point, enable separation
of the face voxel portion from the hand voxel portion.
[0079] Further, in FIG. 6, a region 3 is a voxel group
corresponding to a floating matter in the amniotic fluid, and
a region 4 is a voxel group corresponding to the placenta or
the uterine wall. If there are a plurality of floating matters in
the volume data 32, a plurality of voxel groups correspond-
ing to the plurality of floating matters can be obtained.
[0080] In this way, the voxel group identification unit 50
identifies a voxel group corresponding to the face of the
fetus at which the reference point is set in the volume data
32 using, for example, the region growing method, and more
preferably, identifies all the voxel groups that meet the
conditions as voxel groups in the volume data 32.

[0081] The voxel group identification unit 50 may use a
principle that differs from the region growing method such
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as, for example, known labeling processing, to identify one
or more voxel groups in the volume data 32. For example,
the plurality of regions 1 to 4 may be identified as shown in
FIG. 6 by performing labeling processing on a plurality of
voxels having voxel values greater than the threshold (equal
to or greater than the threshold) in the volume data 32 (FIG.
2, FIG. 3).

[0082] The voxel group identification unit 50 may also
perform expansion processing on each of the identified
voxel groups. Because, for example, each voxel group
identified by the region growing method or the labeling
processing may have a voxel hole (voxel that does not meet
the connection conditions) therein, it is preferable to expand
voxels belonging to each voxel group by several voxels to
fill the voxel hole (to include a voxel that does not meet the
connection conditions in the voxel group). Furthermore, it is
also possible to expand an outer edge of each voxel group by
several voxels by expansion processing and obtain a voxel
group that reliably includes an outer edge of an object such
as, for example, the face of the fetus.

[0083] Once the voxel group identification unit 50 iden-
tifies one or more voxel groups, for example, only a voxel
group including the reference point is set as a display target.
For example, if the reference point is set at a voxel corre-
sponding to the fetus, only a voxel group corresponding to
the fetus is set as a display target.

[0084] A display target determination unit 60 may also
determine, per voxel group, whether that voxel group is a
display target. The display target determination unit 60
determines one or more voxel groups that become display
targets based on instructions from the user, for example. A
reference data storage unit 70 then stores reference data
indicating, per voxel group, whether that voxel group is a
display target.

[0085] FIG. 7 is a diagram showing a specific example of
reference data. FIG. 7 shows the volume data 32 stored in
the three-dimensional data storage unit 30 and reference
volume data 72 which is a specific example of reference data
corresponding to that volume data 32 and is stored in the
reference data storage unit 70.

[0086] The reference volume data 72 is composed of mark
data that indicates, for each voxel of a plurality of voxels
constituting the volume data 32, whether or not that voxel is
a display target. That is, while the volume data 32 is
composed of voxel data (voxel values) of a plurality of
voxels provided with addresses in three dimensions in the
xyz rectangular coordinate system, the reference volume
data 72 is composed of, for example, mark data of a plurality
of voxels provided with the same addresses as the volume
data 32. Mark data of each voxel is, for example, set at “H”
if that voxel is a display target, while it is set at “L” if that
voxel is not a display target (if it is a non-display target).
[0087] In the specific example shown in FIG. 7, a voxel
group of a region 1 and a voxel group of a region 2 are
identified in the volume data 32. In the reference volume
data 72, the mark data of a plurality of voxels corresponding
to the voxel group of the region 1 is set at “L.”; that is, it is
set as a non-display target, while the mark data of a plurality
of voxels corresponding to voxel group of the region 2 is set
at “H”; that is, it is set as a display target.

[0088] Mark data of a plurality of voxels that are not
included in the voxel groups in the reference volume data 72
may all be set at either “L” (non-display target) or “H”
(display target). For example, in the case of the volume data
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32 in the womb, a plurality of voxels corresponding to the
amniotic fluid which is not included in the voxel groups have
small luminance values (voxel data), and they are unlikely
to disturb an image of the fetus, which is a display target,
and, therefore, the mark data of the voxels corresponding to
the amniotic fluid may all be set at “H” (display target).
[0089] Further, in the case of the volume data 32 in the
womb, mark data of a plurality of voxels corresponding to
the placenta in the reference volume data 72 is preferably set
at “L”” (non-display target). In the specific example shown in
FIG. 7, a region corresponding to the placenta (region on the
placenta side) is identified by a clipping surface (CS) in the
reference volume data 72.

[0090] The clipping surface CS can be identified by a
known technique described in, for example, Patent Docu-
ment 4 (JP 2011-83439 A). With the technology described in
Patent Document 4, it is possible to set a clipping surface CS
appropriately in the direction of a gap between the fetus and
the placenta. For example, with the technology of Patent
Document 4, it is possible to set a clipping surface CS as
desired by the user in accordance with instructions from the
user. As a matter of course, the device may automatically set
the clipping surface CS by identifying the voxel portion of
the amniotic fluid between the fetus and the placenta accord-
ing to a technique different from the technology of Patent
Document 4; for example, based on voxel data of the
plurality of voxels constituting the volume data 32.

[0091] Inaddition, when the clipping surface CS is set, the
reference point setting unit 40 may search voxels of the fetus
from the clipping surface CS to the fetus side in the volume
data 32 (reference volume data 72) to automatically set a
reference point.

[0092] Once one or more voxel groups that become dis-
play targets are determined, the image forming unit 80 forms
an ultrasound image that clearly displays image portions
corresponding to the one or more voxel groups that are set
as the display targets. Of the volume data 32 stored in the
three-dimensional data storage unit 30, based on voxel data
of a plurality of voxels corresponding to the voxel groups
that are set as display targets in the reference volume data
72, the image forming unit 80 forms a three-dimensional
ultrasound image stereoscopically showing the display tar-
gets.

[0093] For example, by performing rendering processing
only on voxel data of a plurality of voxels corresponding to
the voxel groups set as the display targets, a rendering image
stereoscopically showing only image portions of voxel
groups set as the display targets is formed.

[0094] FIG. 8 is a diagram showing a specific example of
three-dimensional images. FIG. 8 shows a specific example
of three-dimensional images (rendering images) obtained
based on the volume data 32 (FIG. 2) including the fetus and
the floating matters.

[0095] InFIG. 8, a three-dimensional image including the
floating matters (with the floating matters) is, for example,
a three-dimensional image obtained based on volume data of
all the voxels in the volume data 32 (voxels corresponding
to the placenta may be removed). In this three-dimensional
image, a portion of the face of the fetus is disturbed by the
floating matters that are nearer to the viewpoint side than the
fetus.

[0096] In contrast to this, in FIG. 8, a three-dimensional
image clearly displaying the fetus is a three-dimensional
image which is obtained based on voxel data of a plurality
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of voxels corresponding to the fetus in the volume data 32
and in which only a voxel group corresponding to the fetus
in the reference volume data 72 is set as the display target.
In the three-dimensional image clearly displaying the fetus,
the portion of the face of the fetus is clearly displayed
without being disturbed by the floating matters.

[0097] The image portion other than the display target
(non-display target) may also be displayed so as to be
transparent to clearly display the image portion of the
display target. For example, in the specific example of FIG.
8, display processing for making the image portions of the
floating matters transparent may be performed in order to
prevent the image portions of the floating matters from being
obstacles for the image portion of the fetus.

[0098] In this way, with the ultrasound diagnostic device
in FIG. 1, it is possible, for example, to form a three-
dimensional image such that the image portion of the display
target (the fetus or the like) is not disturbed by the other
image portions (the floating matter or the like). Some voxel
groups may be set as display targets, or conversely, some
voxel groups may be set as non-display targets (not display
targets).

[0099] FIG. 9 is a diagram showing a specification
example 1 of a display target and non-display targets. FIG.
9(1) shows a specific example where a display target is
specified. In FIG. 9(1), a voxel group of the region 1
identified in the volume data 72 is set as a display target, and
mark data of a plurality of voxels belonging to the voxel
group of the region 1 is set at “H,” while mark data of the
plurality of voxels other than it is set at “L” (non-display
target).

[0100] Meanwhile, FIG. 9(2) shows a specific example
where non-display target are specified. In FIG. 9(2), the
voxel group of the region 1 identified in the volume data 72
is set as a non-display target, and mark data of the plurality
of voxels belonging to the voxel group of the region 1 is set
at “L.” In the case of the reference volume data 72 related
to the volume data 32 in the womb, mark data of a plurality
of voxels corresponding to a region on the placenta side is
preferably set at “I.” (non-display target). For example, as
shown in the specific example in FIG. 7, a region corre-
sponding to the placenta (region on the placenta side) is
identified by the clipping surface CS in the reference volume
data 72. In the specific example in FIG. 9(2), the region 1
and the region on the placenta side are set as non-display
targets, and mark data of a plurality of voxels in regions
other than them is set at “H” (display target).

[0101] FIG. 10 is a diagram showing a specification
example 2 of display targets and a non-display target. FIG.
10 shows a specific example where a display target and a
non-display target are additionally specified in the status in
FIG. 9(1).

[0102] FIG. 10(1) shows a specific example where a
display target is added. FIG. 10(1) shows a specific example
where, in the volume data 72 in which the voxel group of the
region 1 is set as the display target, a voxel group of a region
2 is further set as a display target. In the volume data 72 in
FIG. 10(1), mark data of the plurality of voxels belonging to
the voxel groups of the region 1 and the region 2 are set at
“H,” while mark data of the plurality of voxels other than
them is set at “L” (non-display target).

[0103] If a portion of the region 2 penetrates through the
clipping surface CS (FIG. 7) and protrudes into the region of
the placenta side, preferably, that protruding portion is also
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set as a display target. In doing so, even if, for example, a
portion of the face or the hand of the fetus protrudes from the
clipping surface CS, that protruding portion can be changed
to a display target.

[0104] FIG. 10(2) shows a specific example where a
non-display target is added. FIG. 10(2) shows a specific
example where, in the volume data 72 in which the voxel
group of the region 1 is set as the display target, a part of the
region 1 is set as a non-display target.

[0105] For example, if the voxel group of the region 1
including the face and the arm of the fetus is identified, by
limiting the size of the voxel group using the upper limit
number of voxels or the distance from the reference point set
at the face of the fetus, it is possible to obtain a voxel group
in which only the face of the fetus is present (the face is
dominant) in the region 1 (refer to the description related to
FIG. §). Subsequently, by setting voxels other than the voxel
group corresponding to the face of the fetus as non-display
targets, it is possible to display the face of the fetus without
being disturbed by the arm of the fetus. Further, even if the
fetus is connected to the placenta or the uterine wall to form
the region 1, it is also possible to set the placenta or the
uterine wall as a non-display target while retaining the face
of the fetus.

[0106] As described using FIG. 10, once the voxel group,
which is a display target or a non-display target, is addi-
tionally specified in the reference volume data 72, mark data
constituting the reference volume data 72 is updated accord-
ing to that specification each time specification is made. It is
therefore preferable to store update history related to the
reference volume data 72 in the reference data storage unit
70. For example, for each voxel of the plurality of voxels
constituting the volume data 72, history data related to mark
data of that voxel is stored. That is, a change history between
“H (display target)” and “L, (non-display target)” is stored
for each voxel. In doing so, if, for example, the user wants
to return a specification of a display target and a non-display
target to their original statuses, it becomes possible to
reproduce the past reference volume data 72 by tracing the
change history of the mark data of the voxels, in response to
an operation (undo operation) by the user. Further, for
example, based on the past reference volume data 72,
reference volume data 72 formed after that may be repro-
duced in response to the operation by the user.

[0107] FIG. 11 is a diagram (flowchart) showing a specific
example of processing performed by the ultrasound diag-
nostic device in FIG. 1. First, whether a voxel group now to
be identified is a display target or a non-display target is set
(S1101). For example, whether it is a display target or a
non-display target is determined according to a specification
that is input from the user via the operating device 92.

[0108] Next, a reference point is set based on instructions
from the user (S1102: see FIG. 3 and FIG. 4). For example,
if the user wishes to identify the face of the fetus as a display
target, the user sets a reference point in an image portion
corresponding to the face of the fetus in a tomographic
image or a three-dimensional image. In addition, for
example, if the user wishes to identify a floating matter as a
non-display target, the user sets a reference point in an image
portion corresponding to the floating matter in the tomo-
graphic image or the three-dimensional image.

[0109] Once the reference point is set, one voxel group
composed of a plurality of voxels having voxel data that
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satisfy the connection conditions using a voxel of the
reference point as an origin is identified (S1103: see FIG. 5
and FIG. 6).

[0110] Next, one identified voxel group is reflected in the
reference volume data 72 (S1104: see FIG. 7. FIG. 9, and
FIG. 10). For example, if the voxel group is set as a display
target at S1101, the reference volume data 72 is updated such
that the voxel group identified at S1103 becomes a display
target. On the other hand, if the voxel group is set as a
non-display target at S1101, the reference volume data 72 is
updated such that the voxel group identified at S1103
becomes a non-display target.

[0111] Whether or not the settings of the voxel group are
ended is then confirmed (S1105). If, for example, the user
wants to perform settings of a plurality of voxel groups, the
processing from S1101 to S1104 is performed for each voxel
group, and the processing from S1101 to S1104 is repeated,
thereby performing the settings of the plurality of voxel
groups.

[0112] In this way, when the settings of the voxel groups
are ended (S1105), a three-dimensional image clearly dis-
playing image portions corresponding to one or more voxel
groups that are display targets is formed (S1106: see FIG. 8).
For example, if the face of the fetus is set as a display target
and the floating matters or the like are set as non-display
targets, a rendering image clearly displaying the face of the
fetus is formed.

[0113] As such, with the ultrasound diagnostic device in
FIG. 1, it is possible to form a three-dimensional image in
which, for example, only the face of the fetus is present (or
the face of the fetus is dominant) in the volume data 32 of
the three-dimensional space including, for example, the
fetus. However, if, for example, only the face of the fetus is
clearly displayed in the three-dimensional image, and other
tissues are not displayed at all or are hardly displayed, the
image becomes an unnatural and strange image in which
only the face of the fetus is shown. Accordingly, the ultra-
sound diagnostic device in FIG. 1 may perform image
processing for adding a background to the display target, in
order to eliminate or alleviate that strangeness and unnatu-
ralness.

[0114] FIG. 12 is a diagram showing an image processing
example in which a background is added to a display target.
In a reference volume data 72 shown in FIG. 12(1), only one
voxel group is set as a display target (display target voxel
group). For example, a voxel group corresponding to the
face of the fetus is set as a display target.

[0115] Next, a representative point of the display target
voxel group which is, for example, the center of gravity
point of the display target voxel group is derived, and, when
viewed from the viewpoint VP side of the three-dimensional
image, a plurality of voxels located further than the center of
gravity point (representative point) are set as a background
voxel group. For example, as shown in FIG. 12(2), a
background reference surface is set to include the center of
gravity point (representative point) of the display target
voxel group and to become orthogonal to a line of vision,
and all the voxels located further than the background
reference surface when viewed from the viewpoint VP side
are set as a background voxel group.

[0116] As shown in FIG. 12(3), a three-dimensional image
(rendering image) viewed from the viewpoint VP is then
formed based on voxel data of a plurality of voxels of the
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voxel group corresponding to the display target (display
target voxel group) and the background voxel group.
[0117] When viewed from the viewpoint VP, the back-
ground voxels are located further than the display target
voxels, and, therefore, an image portion of the display target
voxels is not disturbed by an image portion of the back-
ground voxels in the three-dimensional image. In addition,
because the image portion of the background voxels is also
displayed, as compared to, for example, the case where only
the image portion of the display target voxels is displayed
and the case where only the face of the fetus is displayed, it
becomes possible to obtain a natural three-dimensional
image with a background. For example, in addition to the
face of the fetus, the uterine wall and the floating matters on
the background of that face are displayed, and it becomes
possible to form a natural image without strangeness while
clearly displaying the face of the fetus.

[0118] The position, inclination, and shape of the back-
ground reference surface may be adjustable, for example, by
the user. For example, it is possible to display on the display
unit 82a three-dimensional image obtained based on the
display target voxels and the background voxels, and adjust
the position, inclination, and shape of the background ref-
erence surface by the user operating the operating device 92
while visually confirming the three-dimensional image dis-
played on the display unit 82.

[0119] Although the preferred embodiment of the present
invention has been described, of the structure shown in FIG.
1 (units with the reference numbers), the transmission and
reception unit 12, the beam data processing unit 20, the
reference point setting unit 40, the voxel group identification
unit 50, the display target determination unit 60, and the
image forming unit 80 can each be implemented with
hardware such as, for example, an electronic circuit and
processor, and devices, such as a memory, may also be used
when necessary in implementation of them. Further, at least
some of the functions corresponding to the above units may
be implemented with a computer. That is, at least some of
the functions corresponding to the above units may be
implemented by cooperation between hardware, such as a
CPU, processor, and memory, and software (program) that
defines operations of the CPU and the processor.

[0120] The three-dimensional data storage unit 30 and the
reference data storage unit 70 can each be implemented with
a storage device such as, for example, a semiconductor
device and a hard disk drive. As a matter of course, the
three-dimensional data storage unit 30 and the reference data
storage unit 70 may be integrated in one storage device. A
preferable specific example of the display device 82 is, for
example, a liquid crystal display, and the operating device 92
can be implemented with at least one of a mouse, a key-
board, a trackball, a touch panel, and other switches.
[0121] The control unit 90 controls the entire ultrasound
diagnostic device in FIG. 1. Instructions received from the
user via the operating device 92 are reflected in the overall
control by the control unit 90. The control unit 90 can be
implemented by cooperation between hardware, such as a
CPU, processor, and memory, and software (program) that
defines operations of the CPU and the processor.

[0122] The preferred embodiment of the present invention
described above is merely illustrative in all respects and
does not limit the scope of the present invention. The present
invention includes various variants without departing from
the spirit and scope of the present invention.
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REFERENCE SIGNS LIST

[0123] 10 probe, 12 transmission and reception unit, 20
beam data processing unit, 30 three-dimensional data stor-
age unit, 40 reference point setting unit, 50 voxel group
identification unit, 60 display target determination unit, 70
reference data storage unit, 80 image forming unit, 90
control unit, 82 operating device.

1. An ultrasound diagnostic device comprising:

an identification unit that identifies, in ultrasonic volume
data, one or more voxel groups composed of a plurality
of voxels having voxel data that satisfy connection
conditions, based on voxel data of a plurality of voxels
constituting the volume data; and

an image forming unit that forms, based on voxel data of
a plurality of voxels corresponding to a voxel group
that is a display target among the identified one or more
voxel groups, an ultrasound image clearly displaying
the display target in a selective manner.

2. The ultrasound diagnostic device according to claim 1,

further comprising:

a determination unit that determines, for each voxel group
identified by the identification unit, whether that voxel
group is a display target; and

a storage unit that stores reference data indicating, for
each voxel group, whether that voxel group is a display
target..

3. The ultrasound diagnostic device according to claim 2,

wherein

the storage unit stores, as the reference data, reference
volume data composed of mark data indicating, for
each voxel of the plurality of voxels constituting the
volume data, whether that voxel is a display target, and

the determination unit updates the reference volume data
such that the mark data of a plurality of voxels belong-
ing to a voxel group that is determined to be the display
target shows the display target.

4. The ultrasound diagnostic device according to claim 1,

further comprising

a setting unit that sets a reference point within the volume
data based on instructions from the user, wherein

the identification unit identifies the voxel group composed
of the plurality of voxels that satisfy the connection
conditions, using a voxel corresponding to the refer-
ence point as an origin.

5. The ultrasound diagnostic device according to claim 4,

wherein

the setting unit sets, as the reference point, a specified
point which is set by the user in a tomographic image
corresponding to a cross section in the volume data..

6. The ultrasound diagnostic device according to claim 4,

wherein

a three-dimensional image showing the inside of the
volume data stereoscopically is formed based on pixel
data obtained from a plurality of rays passing through
the inside of the volume data, and

the setting unit sets the reference point on a ray corre-
sponding to pixel data of a specified point set by the
user in the three-dimensional image.

7. The ultrasound diagnostic device according to claim 6,

wherein

the setting unit searches a voxel region corresponding to
the face of a fetus based on voxel data of a plurality of

Dec. 7, 2017

voxels constituting the ray corresponding to the speci-
fied point, and sets the reference point within the voxel
region.

8. The ultrasound diagnostic device according to claim 4,
wherein the identification unit identifies, as the voxel group,
a plurality of voxels that satisfy the connection conditions
using the voxel corresponding to the reference point as the
origin and that are located within a specified distance from
the reference point.

9. The ultrasound diagnostic device according to claim 4,
wherein the identification unit identifies, as the voxel group,
a plurality of voxels that satisfy the connection conditions
using the voxel corresponding to the reference point as the
origin and that are less than a specified number of voxels.

10. The ultrasound diagnostic device according to claim
1, wherein the one or more voxel groups identified by the
identification unit include a voxel group corresponding to
the face of the fetus which is a display target, and

the image forming unit forms an ultrasound image clearly

displaying the face of the fetus in a selective manner
based on voxel data of a plurality of voxels constituting
the voxel group corresponding to the face of the fetus.

11. The ultrasound diagnostic device according to claim
10, wherein

based on the voxel data of the plurality of voxels corre-

sponding to the face of the fetus and voxel data of a
plurality of voxels that satisfy conditions for a back-
ground tissue in the volume data, the image forming
unit forms an ultrasound image that shows the face of
the fetus and the background tissue.

12. The ultrasound diagnostic device according to claim
2, further comprising

a setting unit that sets a reference point within the volume

data based on instructions from the user, wherein

the identification unit identifies the voxel group composed

of the plurality of voxels that satisfy the connection
conditions, using a voxel corresponding to the refer-
ence point as an origin.

13. The ultrasound diagnostic device according to claim
3, further comprising

a setting unit that sets a reference point within the volume

data based on instructions from the user, wherein

the identification unit identifies the voxel group composed

of the plurality of voxels that satisfy the connection
conditions, using a voxel corresponding to the refer-
ence point as an origin.

14. The ultrasound diagnostic device according to claim
5, wherein

the identification unit identifies, as the voxel group, a

plurality of voxels that satisfy the connection condi-
tions using the voxel corresponding to the reference
point as the origin and that are located within a speci-
fied distance from the reference point.

15. The ultrasound diagnostic device according to claim
6, wherein

the identification unit identifies, as the voxel group, a

plurality of voxels that satisfy the connection condi-
tions using the voxel corresponding to the reference
point as the origin and that are located within a speci-
fied distance from the reference point.

16. The ultrasound diagnostic device according to claim
7, wherein

the identification unit identifies, as the voxel group, a

plurality of voxels that satisfy the connection condi-
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tions using the voxel corresponding to the reference
point as the origin and that are located within a speci-
fied distance from the reference point.
17. The ultrasound diagnostic device according to claim
5, wherein
the identification unit identifies, as the voxel group, a
plurality of voxels that satisfy the connection condi-
tions using the voxel corresponding to the reference
point as the origin and that are less than a specified
number of voxels.
18. The ultrasound diagnostic device according to claim
6, wherein
the identification unit identifies, as the voxel group, a
plurality of voxels that satisfy the connection condi-
tions using the voxel corresponding to the reference
point as the origin and that are less than a specified
number of voxels.
19. The ultrasound diagnostic device according to claim
7, wherein
the identification unit identifies, as the voxel group, a
plurality of voxels that satisfy the connection condi-
tions using the voxel corresponding to the reference
point as the origin and that are less than a specified
number of voxels.
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