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ULTRASONIC IMAGE PROCESSING
APPARATUS AND PROGRAM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Japanese Patent
Application No. 2018-147386 filed on Aug. 6, 2018, which
is incorporated herein by reference in its entirety including
the specification, claims, drawings, and abstract.

TECHNICAL FIELD

[0002] The present disclosure relates to an ultrasonic
image processing apparatus and a program.

BACKGROUND

[0003] An ultrasonic diagnosis apparatus, which is one
specific example of an ultrasonic image processing appara-
tus, is used for diagnosis of various tissues in a living body
and plays an important role in diagnosis of organs such as
the heart.

[0004] For example, JP 2012-100815 A discloses an ultra-
sonic diagnosis apparatus in which a position in an organ to
which an ultrasonic tomographic image corresponds is dis-
played in a display image by using a schematic diagram
(schema).

[0005] In addition, for example, JP 2018-51001 A dis-
closes an ultrasonic image capturing apparatus which
extracts an outline to be measured by using volume data and
acquires measurement information as an anatomical struc-
ture useful for diagnosis from the outline.

[0006] Further, for example, JP 2017-196008 A discloses
an ultrasonic diagnosis apparatus which determines a track-
ing trace point in a target range of a tracking processing with
a selected trace point as a base point from a plurality of trace
points constituting a trace line of a tissue in an ultrasonic
image, and corrects the plurality of trace points by moving
the tracking trace point so as to track a movement of the
selected trace point.

SUMMARY

[0007] In diagnosis using an ultrasonic image, an opera-
tion by a user such as a doctor or a medical technician is
required in some cases. For example, a plurality of repre-
sentative points are set in an ultrasonic image according to
an operation by a user in some cases. For the user, it is
preferable that an operation load is reduced. For example, in
a case where each representative point is set manually, when
the user can be informed of a setting position and a setting
order of each representative point, reduction of the operation
load of the user can be expected.

[0008] For reference, the ultrasonic diagnosis apparatus
disclosed in JP 2012-100815 A merely displays a position in
an organ to which an ultrasonic tomographic image corre-
sponds in a display image by using a schematic diagram
(schema).

[0009] An object of the present disclosure is to realize a
display for guiding a user to a setting position and a setting
order of each representative point manually set in an ultra-
sonic image.

[0010] One specific example of the present disclosure is an
ultrasonic image processing apparatus including: a repre-
sentative point setting unit which manually sets at least one
of a plurality of representative points in an ultrasonic image
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based on data obtained by transmitting and receiving ultra-
sonic waves according to an operation by a user; and an
image generation unit which generates a guidance image in
which setting position information and setting order infor-
mation of each manually set representative point are marked
on a schematic diagram schematically representing an organ
image included in the ultrasonic image.

[0011] According to one specific example of the present
disclosure, a display for guiding a user to a setting position
and a setting order of each representative point manually set
in an ultrasonic image is realized. In addition, according to
another specific example of the present disclosure, the
guidance image is generated according to a type of organ
image, such that it is possible to guide the user to a setting
position and a setting order of each representative point
appropriate for the type of organ image. Further, according
to another specific example of the present disclosure, as
setting position information and setting order information of
each representative point manually set inside the blood-
stream are marked on a schematic diagram, the user can be
guided to a setting position and a setting order of each
representative point inside the bloodstream, such that it is
possible to reduce or eliminate confusion of the user.

BRIEF DESCRIPTION OF DRAWINGS

[0012] Embodiment(s) of the present disclosure will be
described by reference to the following figures, wherein:
[0013] FIG. 1 is a diagram showing an ultrasonic diagno-
sis apparatus which is one specific example of an ultrasonic
image processing apparatus;

[0014] FIG. 2 is a diagram showing a specific example of
a display image;

[0015] FIG. 3 is a diagram showing a specific example of
a guidance image of an apical three-chamber (A3C) view;
[0016] FIG. 4 is a diagram showing a specific example of
a guidance image of an apical two-chamber (A2C) view;
[0017] FIG. 5 is a diagram showing a specific example of
a guidance image of an apical four-chamber (A4C) view;
[0018] FIG. 6 is a diagram showing a specific example of
a guidance image of a laterally inverted apical three-cham-
ber view;

[0019] FIG. 7 is a diagram showing a specific example of
a guidance image of a laterally inverted apical two-chamber
view;

[0020] FIG. 8 is a diagram showing a specific example of
a guidance image of a laterally inverted apical four-chamber
view;

[0021] FIG. 9 is a diagram showing a specific example of
semi-auto tracing;

[0022] FIG. 10 is a diagram showing a modified example
1 of a display image;

[0023] FIG. 11 is a diagram showing a modified example
2 of a display image;

[0024] FIG. 12 is a diagram showing a modified example
3 of a display image;

[0025] FIG. 13 is a diagram showing a modified example
4 of a display image; and

[0026] FIG. 14 is a diagram showing a modified example
5 of a display image.

DESCRIPTION OF EMBODIMENTS

[0027] First, a summary of an embodiment of the present
disclosure will be described. An ultrasonic image processing
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apparatus according to the present disclosure includes a
representative point setting unit which sets each represen-
tative point in an ultrasonic image, and an image generation
unit which generates a guidance image. The representative
point setting unit manually sets at least one of a plurality of
representative points in an ultrasonic image based on data
obtained by transmitting and receiving ultrasonic waves,
according to an operation by a user. In addition, the image
generation unit generates a guidance image in which setting
position information and setting order information of each
manually set representative point are marked on a schematic
diagram schematically representing an organ image included
in the ultrasonic image.

[0028] According to the embodiment, the image genera-
tion unit generates an image including a schematic diagram
schematically representing the organ image included in the
ultrasonic image. For example, a schematic diagram corre-
sponding to the organ image included in the ultrasonic image
may be selected among a plurality of schematic diagrams
corresponding to a plurality of types of organ images to be
diagnosed. For example, an ultrasonic image may be sub-
jected to image processing to generate a schematic diagram
corresponding to an organ image included in the ultrasonic
image.

[0029] In addition, according to the embodiment, the
image generation unit generates a guidance image in which
setting position information and setting order information of
each manually set representative point are marked on a
schematic diagram. The setting position information is infor-
mation on a position to which each representative point is
set. Specific examples of the setting position information
include information indicating a position (recommended
position) to which each representative point should be set,
information indicating a region (recommended region) in
which each representative point should be set, or the like. In
addition, the setting order information is information on an
order in which each representative point is set. Specific
examples of the setting order information include informa-
tion such as a value indicating an order in which each
representative point is set.

[0030] A display for guiding a user to a setting position
and a setting order of each representative point manually set
in an ultrasonic image is realized by the ultrasonic image
processing apparatus according to the embodiment.

[0031] According to the embodiment, the image genera-
tion unit generates, for example, a guidance image in which
a position marker as setting position information and a
number label as setting order information are marked on a
schematic diagram. For example, a position marker may
indicate a setting position of each representative point, and
a number label indicates a setting order of each representa-
tive point in a diagram.

[0032] In addition, according to the embodiment, the
image generation unit may generate a guidance image
corresponding to a type of organ image included in an
ultrasonic image by marking setting position information
and setting order information corresponding to the organ
image on a schematic diagram selected according to the type
of organ image. For example, an organ image obtained based
on a plurality of different cross sections of the same organ
is used in some cases. In general, even in the case of the
same organ, when cross sections are different, organ images
are also different. That is, even in the case of the same organ,
when cross sections are different, types of organ images are
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also different. In a case of different organs, it may be
regarded that types of organ images are different from each
other. In general, when types of organ images are different,
setting positions or setting orders of respective representa-
tive points in ultrasonic images including the organ images
are also different. As a guidance image is generated accord-
ing to a type of organ image, it is possible to guide the user
to a setting position and a setting order of each representa-
tive point appropriate for the type of organ image.

[0033] In addition, according to the embodiment, the
representative point setting unit may manually set one or
more representative points inside the bloodstream as repre-
sentative points for defining an edge of a closed region
according to an operation by a user, or the image generation
unit may generate a guidance image in which setting posi-
tion information and setting order information of each
representative point manually set inside the bloodstream are
marked on a schematic diagram. In general, a structural
reference does not exist inside the bloodstream, and thus the
user is confused when performing manual setting of a
representative point inside the bloodstream in some cases
even if the user is a diagnostician such as a doctor or a
medical technician. Even in this case, as setting position
information and setting order information of one or more
representative points inside the bloodstream are marked on
a schematic diagram, the user can be guided to setting
positions and setting orders of the one or more representa-
tive points inside the bloodstream, such that it is possible to
reduce or eliminate confusion of the user.

[0034] According to the embodiment, the representative
point setting unit may set a plurality of representative points
including one or more representative points on a contour of
a tissue as representative points for defining an edge of a
closed region, or the image generation unit may generate a
guidance image in which setting position information and
setting order information of each representative point manu-
ally set on the contour of the tissue are marked on a
schematic diagram.

[0035] In addition, the ultrasonic image processing appa-
ratus according to the embodiment may set a plurality of
tracking points on the edge of the closed region based on the
plurality of representative points, and track movements of
the plurality of tracking points over a plurality of time
phases by applving a pattern matching processing between
time phases based on image data of an ultrasonic image for
each tracking point. Further, the ultrasonic image processing
apparatus according to the embodiment may obtain vector
information corresponding to one or more positions within
the closed region based on movement information of each
tracking point obtained by tracking movements of the plu-
rality of tracking points set on the edge of the closed region,
and Doppler information obtained from a plurality of ultra-
sonic beams passing through the closed region.

[0036] The summary of the ultrasonic image processing
apparatus according to the embodiment has been described
as above. Next, a specific example of the ultrasonic image
processing apparatus according to the embodiment will be
described by reference to drawings.

[0037] FIG. 1 is a diagram showing an ultrasonic diagno-
sis apparatus which is one specific example of the ultrasonic
image processing apparatus according to the embodiment.
The ultrasonic diagnosis apparatus shown in FIG. 1 includes
components indicated by reference numerals.
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[0038] A probe 10 is an ultrasonic probe transmitting and
receiving ultrasonic waves in a diagnosis region including a
diagnosis target. The probe 10 includes a plurality of vibra-
tion elements transmitting and receiving ultrasonic waves,
and the plurality of vibration elements are subjected to a
transmission control by a transmission and reception unit 12,
such that a transmission beam is formed. In addition, the
plurality of vibration elements receive ultrasonic waves in
the diagnosis region, a signal obtained thereby is output to
the transmission and reception unit 12, and the transmission
and reception unit 12 forms a reception beam to obtain a
reception signal (echo data). It should be noted that a
technology such as a synthetic transmit aperture may be
used for transmission and reception of ultrasonic waves. In
addition, the probe 10 may be a three-dimensional ultrasonic
probe three-dimensionally transmitting and receiving ultra-
sonic waves in a three-dimensional diagnosis region, or may
be a two-dimensional ultrasonic probe planarly transmitting
and receiving ultrasonic waves in a two-dimensional diag-
nosis region.

[0039] The transmission and reception unit 12 outputs a
transmission signal to the plurality of vibration elements
included in the probe 10, and functions as a transmission
beam-former controlling the plurality of vibration elements
50 as to form a transmission beam. In addition, the trans-
mission and reception unit 12 functions as a reception
beam-former forming a reception beam to obtain a reception
signal (echo data) based on the signal obtained from the
plurality of vibration elements included in the probe 10. The
transmission and reception unit 12 can be implemented by
using, for example, an electric-electronic circuit (transmis-
sion and reception circuit). In this case, hardware such as an
application specific integrated circuit (ASIC) or a field
programmable gate array (FPGA) may be used as necessary.
[0040] An ultrasonic image forming unit 20 generates
image data of an ultrasonic image based on a reception
signal (echo data) obtained from the transmission and recep-
tion unit 12. The ultrasonic image forming unit 20 forms, for
example, frame data of a tomographic image (B mode
image) including a diagnosis target for each time phase over
a plurality of time phases by performing a signal processing
such as gain correction, log compression, wave detection,
contour emphasis, or a filter processing with respect to the
reception signal. It should be noted that a plurality of frame
data spatially constituting a three-dimensional diagnosis
region may be generated in a case where ultrasonic waves
are three-dimensional transmitted and received and recep-
tion signals are collected from a three-dimensional diagnosis
region.

[0041] A Doppler processing unit 22 measures a Doppler
shift included in a reception signal obtained from an ultra-
sonic beam (reception beam). The Doppler processing unit
22 measures, for example, a Doppler shift generated in a
reception signal of ultrasonic waves by a movement of a
moving body (including the bloodstream or the like) by a
known Doppler processing to obtain speed information
(Doppler information) of the moving body in an ultrasonic
beam direction. The Doppler processing unit 22 can be
implemented by using, for example, an electric-electronic
circuit (including a quadrature detection circuit or the like).
In this case, hardware such as an ASIC or an FPGA may be
used as necessary.

[0042] A data storage unit 24 stores an image data (frame
data) of ultrasonic waves generated by the ultrasonic image
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forming unit 20. In addition, the data storage unit 24 stores
the Doppler information (the speed information in the ultra-
sonic beam direction) obtained by the measurement by the
Doppler processing unit 22. The data storage unit 24 can be
implemented by using, for example, a storage device such as
a semiconductor memory or a hard disk drive.

[0043] A frame selection unit 26 selects frame data (image
data) of a time phase used for setting a representative point
among frame data of a plurality of time phases stored in the
data storage unit 24.

[0044] An image type determination unit 30 determines a
type of an organ image (an image of a portion corresponding
to an organ) included in an ultrasonic image. The image type
determination unit 30 determines, for example, a type of an
organ image included in the frame data of the time phase
selected by the frame selection unit 26.

[0045] A guidance image generation unit 40 generates a
guidance image including a schematic diagram schemati-
cally representing an organ image included in an ultrasonic
image and guidance elements corresponding to a plurality of
representative points. The guidance image generation unit
40 generates a guidance image in which setting position
information and setting order information of each manually
set representative point are marked on a schematic diagram.
[0046] The guidance image generated by the guidance
image generation unit 40 is displayed on a display unit 82
through the processing by a display image forming unit 80
and is used as a display for guiding a user such as a doctor
or a medical technician to a setting position and a setting
order of each representative point in a case where each
representative point is manually set according to an opera-
tion by the user.

[0047] A representative point setting unit 50 sets a plural-
ity of representative points in an ultrasonic image. The
representative point setting unit 50 manually sets at least one
of the plurality of representative points according to an
operation by the user. As a specific example of the plurality
of representative points, a feature point which is a structural
reference of an organ image included in an ultrasonic image
may be set.

[0048] A tracking point setting unit 60 sets a plurality of
tracking points on an edge of a closed region based on a
plurality of representative points set by the representative
point setting unit 50. The tracking point setting unit 60, for
example, forms a trace line corresponding to an edge of a
measurement region as a specific example of the closed
region based on the plurality of representative points and
sets a plurality of tracking points on the trace line.

[0049] A tracking processing unit 62 tracks movements of
a plurality of tracking points over a plurality of time phases
by applying a pattern matching processing between time
phases based on image data of an ultrasonic image for each
tracking point. The tracking processing unit 62 tracks a
movement of each tracking point over a plurality of time
phases (a plurality of frames) by executing a tracking
processing based on image data for each tracking point.
[0050] A vector operation unit 70 derives vector informa-
tion corresponding to one or more positions within a closed
region based on movement information of each tracking
point obtained by tracking movements of a plurality of
tracking points set on an edge of the closed region, and
Doppler information obtained from a plurality of ultrasonic
beams passing through the closed region. The vector opera-
tion unit 70 derives, for example, a speed vector of a
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plurality of positions in a measurement region as a specific
example of the closed region based on a tracking result of a
plurality of tracking points obtained by the tracking pro-
cessing unit 62 and Doppler information obtained from the
data storage unit 24.

[0051] The vector operation unit 70 may derive a two-
dimensional speed vector at each position in a measurement
region by using speed information obtained from Doppler
information in an ultrasonic beam direction and movement
information obtained from a tracking result of a plurality of
tracking points by, for example, a known method described
in JP 2013-192643 A.

[0052] The display image forming unit 80 forms a display
image displayed on the display unit 82. The display image
forming unit 80 forms, for example, a display image (image
data) including a guidance image generated by the guidance
image generation unit 40. In addition, for example, the
display image forming unit 80 may form a display image
including an ultrasonic image obtained from the ultrasonic
image forming unit 20 or may form a display image includ-
ing vector information obtained from the vector operation
unit 70.

[0053] The display unit 82 displays a display image
formed by the display image forming unit 80. The display
unit 82 can be implemented by using, for example, a display
device such as a liquid crystal display or an organic elec-
troluminescence (EL) display.

[0054] A control unit 100 controls the ultrasonic diagnosis
apparatus in FI1G. 1 overall. An indication corresponding to
an operation received from the user through an operation
receiving unit 90 is also reflected in the control by the
control unit 100. The control unit 100 can be implemented
by, for example, a combination of hardware such as a central
processing unit (CPU), a processor, or a memory, and
software (program) which defines an operation of the CPU,
the processor, or the like. In addition, the operation receiving
unit 90 can be implemented by, for example, at least one
operation device among a mouse, a keyboard, a track ball,
a touch panel, and other types of switches.

[0055] Among the components shown in FIG. 1, the
ultrasonic image forming unit 20, the frame selection unit
26, the image type determination unit 30, the guidance
image generation unit 40, the representative point setting
unit 50, the tracking point setting unit 60, the tracking
processing unit 62, the vector operation unit 70, and the
display image forming unit 80 can each be implemented by,
for example, a combination of hardware, such as a processor,
and software which defines an operation of the processor or
the like. In this case, hardware such as an ASIC or an FPGA
may be used as necessary.

[0056] In addition, the ultrasonic diagnosis apparatus as a
specific example shown in FIG. 1 can be implemented by
using, for example, one or more computers. The computer
includes an operation device such as a CPU, a storage device
such as a memory or a hard disk, a communication device
using a communication line such as Internet, a device
reading data from a storage medium such as an optical disk,
a semiconductor memory, or a card memory and writing
data, a display device such as a display, and a hardware
resource such as an operation device receiving an operation
from a user.

[0057] For example, a program (software) corresponding
to functions of at least some of the plurality of components
denoted by reference numerals and included in the ultrasonic
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diagnosis apparatus shown in FIG. 1 is read by the computer
and stored in a memory or the like, and the functions of at
least some components of the ultrasonic diagnosis apparatus
shown in FIG. 1 are implemented by a combination of the
hardware resource included in the computer and the read
software. For example, the program may be provided to a
computer (ultrasonic diagnosis apparatus) through a com-
munication line such as the Internet, or may be stored in a
storage medium such as an optical disk, a semiconductor
memory, or a card memory and provided to a computer
(ultrasonic diagnosis apparatus).

[0058] An overall configuration of the ultrasonic diagnosis
apparatus shown in FIG. 1 has been described as above. A
diagnosis target of the ultrasonic diagnosis apparatus shown
in FIG. 1 varies, and specific examples of the diagnosis
target include a tissue (including the bloodstream) in a living
body, a fetus in a pregnant mother, and the like. For example,
the ultrasonic diagnosis apparatus in FIG. 1 may be used for
diagnosis of the heart. In this regard, a specific example of
a processing implemented by the ultrasonic diagnosis appa-
ratus in FIG. 1 in a diagnosis of the heart (including the
bloodstream in the heart) as one of the specific examples of
the diagnosis target. It should be noted that reference numer-
als in FIG. 1 are used to denote the components (each unit
denoted by a reference numeral) shown in FIG. 1 in the
following description.

[0059] FIG. 2 is a diagram showing a specific example of
a display image 84 displayed on the display unit 82. FIG. 2
shows a display image 84 including an ultrasonic image 28
and a guidance image 42.

[0060] In the specific example shown in FIG. 2, a tomo-
graphic image of the heart as a specific example of an organ
image is included in the ultrasonic image 28. A plurality of
feature points 52 (52a to 52f) are set in the tomographic
image of the heart shown in the ultrasonic image 28.
[0061] The plurality of feature points 52 (52a to 52f) are
a specific example of one or more representative points
which are manually set. For example, the user such as a
doctor or a medical technician indicates a setting position of
each feature point 52 by operating the operation receiving
unit 90 while viewing the display image 84 as the specific
example shown in FIG. 2. Then, the representative point
setting unit 50 sets the plurality of feature points 52 (52a to
52f) on the tomographic image of the heart according to the
indication from the user obtained from the operation receiv-
ing unit 90 through the control unit 100.

[0062] It should be noted that a plurality of tracking points
64 are set in the ultrasonic image 28 shown in FIG. 2. The
plurality of tracking points 64 are set by the tracking point
setting unit 60. The tracking point setting unit 60 sets the
plurality of tracking points 64 based on the plurality of
feature points 52 (52a to 52f) as a specific example of the
plurality of representative points set by the representative
point setting unit 50.

[0063] Further, in the specific example shown in FIG. 2,
the guidance image 42 is shown in the display image 84
together with the ultrasonic image 28. The guidance image
42 is used as a display for guiding a user to a setting position
and a setting order of each feature point 52 when each
feature point 52 is manually set.

[0064] Further, in the display image 84 as the specific
example shown in FIG. 2, a menu display for selecting a
displayed cross section is provided. The user such as a
doctor or a medical technician operates, for example, the
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menu display for selecting a displayed cross section to select
a cross section corresponding to the tomographic image of
the heart in the ultrasonic image 28 from a list of displayed
cross sections shown in a pull-down menu. Accordingly, a
guidance image 42 corresponding to the selected cross
section is displayed. For example, in the specific example
shown in FIG. 2, the tomographic image of the heart in the
ultrasonic image 28 is an apical three-chamber (A3C) view.
The A3C is selected as the displayed cross section, and a
guidance image 42 corresponding to the apical three-cham-
ber (A3C) is shown in the display image 84.

[0065] FIGS. 3 to 8 show specific examples of the guid-
ance image 42 generated by the guidance image generation
unit 40. The guidance image generation unit 40 generates a
guidance image 42 in which setting position information and
setting order information of each manually set representative
point are marked on a schematic diagram schematically
representing an organ image included in an ultrasonic image.
[0066] In each of the guidance images 42 shown in FIGS.
3 to 8, a schema diagram 44 is one of specific examples of
the schematic diagram and schematically showing a tomo-
graphic image of the heart. In addition, a position marker 46
is one of specific examples of the setting position informa-
tion, and a number label 48 is one of specific examples of the
setting order information.

[0067] FIG. 3 shows a specific example of a guidance
image 42 of an apical three-chamber (A3C) view. In the
apical three-chamber (A3C) view, for example, a heart valve
annulus and an apex of the heart are used as feature points,
and feature points are set also in, for example, an aorta
outflow passage and the left atrium. In the specific example
shown in FIG. 3, a schema diagram 44 schematically
showing the apical three-chamber (A3C) view is used.
[0068] In the specific example shown in FIG. 3, a plurality
of position markers 46 (46a to 46f) indicate positions
corresponding to a plurality of feature points in the schema
diagram 44 schematically showing the apical three-chamber
(A3C) view. For example, a position marker 46a indicates a
position of a heart valve annulus (left), a position marker
465 indicates a position of an apex of heart, a position
marker 46¢ indicates a position of the heart valve annulus
(right), and a position marker 46e indicates a position of the
heart valve annulus (middle). In addition, a position marker
464 indicates a position in an aorta outflow passage, and a
position marker 46/ indicates a position of the left atrium.
[0069] Further, in the specific example shown in FIG. 3, a
plurality of number labels 48 (48a to 48f) indicate setting
orders of the plurality of feature points. For example, a
number label 48« indicates that a feature point correspond-
ing to the heart valve annulus (left) is first in a setting order,
anumber label 485 indicates that a feature point correspond-
ing to the apex of heart is second in the setting order, and a
number label 48¢ indicates that a feature point correspond-
ing to the heart valve annulus (right) is third in the setting
order. Further, a number label 484 indicates that a feature
point corresponding to the aorta outflow passage is fourth in
the setting order, a number label 48e indicates that a feature
point corresponding to the heart valve annulus (middle) is
fifth in the setting order, and a number label 48/ indicates
that a feature point corresponding to the left atrium is sixth
in the setting order.

[0070] For example, when an organ image included in an
ultrasonic image is the apical three-chamber (A3C) view,
and a plurality of feature points are manually set in the
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ultrasonic image, the guidance image 42 as the specific
example shown in FIG. 3 is used as a display for guiding the
user such as a doctor or a medical technician to a setting
position and a setting order of each feature point. For
example, as in the specific example shown in FIG. 2, the
display image 84, in which the guidance image 42 is shown
together with the ultrasonic image 28, is formed and dis-
played on the display unit 82.

[0071] As a result, the user can intuitively and naturally
grasp a position to which each feature point is to be set in the
ultrasonic image 28 and naturally understand an order in
which a plurality of feature points are set, based on, for
example, a correspondence between the organ image of the
apical three-chamber (A3C) view included in the ultrasonic
image 28 and the schema diagram 44 of the apical three-
chamber (A3C) view included in the guidance image 42.
[0072] When a type of organ image included in the ultra-
sonic image is the apical three-chamber (A3C) view, the
guidance image 42 as the specific example shown in FIG. 3
is used. FIGS. 4 to 8 show specific examples of a guidance
image 42 used when the type of organ image is other than
the apical three-chamber (A3C) view.

[0073] FIG. 4 shows a specific example of a guidance
image 42 of an apical two-chamber (A2C) view. In the
apical two-chamber (A2C) view, for example, a heart valve
annulus and an apex of heart are used as feature points, and
a feature point is set also in, for example, the left atrium.
[0074] In the specific example shown in FIG. 4, a schema
diagram 44 schematically showing the apical two-chamber
(A2C) view is used. In addition, a plurality of position
markers 46 (46a to 46d) indicate positions corresponding to
a plurality of feature points in the schema diagram 44
schematically showing the apical two-chamber (A2C) view.
For example, a position marker 46a indicates a position of
a heart valve annulus (left), a position marker 4654 indicates
a position of an apex of the heart, a position marker 46¢
indicates a position of the heart valve annulus (right), and a
position marker 464 indicates a position of the left atrium.
Further, a plurality of number labels 48 (484 to 484) indicate
setting orders of the plurality of feature points. For example,
anumber label 484 indicates that a feature point correspond-
ing to the heart valve annulus (left) is first in a setting order,
a number label 485 indicates that a feature point correspond-
ing to the apex of heart is second in the setting order, a
number label 48¢ indicates that a feature point correspond-
ing to the heart valve annulus (right) is third in the setting
order, and a number label 484 indicates that a feature point
corresponding to the left atrium is fourth in the setting order.
[0075] For example, when an organ image included in an
ultrasonic image is the apical two-chamber (A2C) view, and
aplurality of feature points are manually set in the ultrasonic
image, the guidance image 42 as the specific example shown
in FIG. 4 is used as a display for guiding the user such as a
doctor or a medical technician to a setting position and a
setting order of each feature point. For example, a display
image, in which the guidance image 42 in FIG. 4 is shown
together with the ultrasonic image including the apical
two-chamber (A2C) view, is formed and displayed on the
display unit 82.

[0076] FIG. 5 shows a specific example of a guidance
image 42 of an apical four-chamber (A4C) view. In the
apical four-chamber (A4C) view, for example, a heart valve
annulus and an apex of heart are used as feature points, and
a feature point is set also in, for example, the left atrium.
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[0077] In the specific example shown in FIG. 5, a schema
diagram 44 schematically showing the apical four-chamber
(A4C) view is used. In addition, a plurality of position
markers 46 (464 to 464) indicate positions corresponding to
a plurality of feature points in the schema diagram 44
schematically showing the apical four-chamber (A4C) view.
For example, a position marker 46a indicates a position of
a heart valve annulus (left), a position marker 465 indicates
a position of an apex of the heart, a position marker 46¢
indicates a position of the heart valve annulus (right), and a
position marker 46d indicates a position of the left atrium.
Further, a plurality of number labels 48 (484 to 484) indicate
setting orders of the plurality of feature points. For example,
anumber label 484 indicates that a feature point correspond-
ing to the heart valve annulus (left) is first in a setting order,
anumber label 485 indicates that a feature point correspond-
ing to the apex of heart is second in the setting order, a
number label 48¢ indicates that a feature point correspond-
ing to the heart valve annulus (right) is third in the setting
order, and a number label 484 indicates that a feature point
corresponding to the left atrium is fourth in the setting order.
[0078] For example, when an organ image included in an
ultrasonic image is the apical four-chamber (A4C) view, and
a plurality of feature points are manually set in the ultrasonic
image, the guidance image 42 as the specific example shown
in FIG. 5 is used as a display for guiding the user such as a
doctor or a medical technician to a setting position and a
setting order of each feature point. For example, a display
image, in which the guidance image 42 in FIG. § is shown
together with the ultrasonic image including the apical
four-chamber (A4C) view, is formed and displayed on the
display unit 82.

[0079] FIG. 6 shows a specific example of a guidance
image 42 of a laterally inverted apical three-chamber (A3C_
Inv) view. For example, when an organ image included in an
ultrasonic image is the laterally inverted apical three-cham-
ber (A3C_Inv) view, and a plurality of feature points are
manually set in the ultrasonic image, the guidance image 42
as the specific example shown in FIG. 6 is used as a display
for guiding the user such as a doctor or a medical technician
to a setting position and a setting order of each feature point.
[0080] In the specific example shown in FIG. 6, a schema
diagram 44 schematically showing the laterally inverted
apical three-chamber (A3C_Inv) view is used. In addition, a
plurality of position markers 46 (46a to 46f) indicate posi-
tions corresponding to a plurality of feature points in the
schema diagram 44 schematically showing the laterally
inverted apical three-chamber (A3C_Inv) view. For
example, a position marker 46a indicates a position of a
heart valve annulus (right), a position marker 465 indicates
a position of an apex of heart, a position marker 46¢
indicates a position of the heart valve annulus (left), a
position marker 464 indicates a position of an aorta outflow
passage, a position marker 46e indicates a position of the
heart valve annulus (middle), and a position marker 46/
indicates a position of the left atrium.

[0081] Further, in the specific example shown in FIG. 6, a
plurality of number labels 48 (48a to 48f) indicate setting
orders of the plurality of feature points. For example, a
number label 484 indicates that a feature point correspond-
ing to the heart valve annulus (right) is first in a setting order,
anumber label 485 indicates that a feature point correspond-
ing to the apex of heart is second in the setting order, a
number label 48¢ indicates that a feature point correspond-
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ing to the heart valve annulus (left) is third in the setting
order, a number label 484 indicates that a feature point
corresponding to the aorta outflow passage is fourth in the
setting order, a number label 48¢ indicates that a feature
point corresponding to the heart valve annulus (middle) is
fifth in the setting order, and a number label 48f indicates
that a feature point corresponding to the left atrium is sixth
in the setting order.

[0082] FIG. 7 shows a specific example of a guidance
image 42 of a laterally inverted apical two-chamber (A2C_
Inv) view. For example, when an organ image included in an
ultrasonic image is the laterally inverted apical two-chamber
(A2C_Inv) view, and a plurality of feature points are manu-
ally set in the ultrasonic image, the guidance image 42 as the
specific example shown in FIG. 7 is used as a display for
guiding the user such as a doctor or a medical technician to
a setting position and a setting order of each feature point.
[0083] In the specific example shown in FIG. 7, a schema
diagram 44 schematically showing the laterally inverted
apical two-chamber (A2C_Inv) view is used. In addition, a
plurality of position markers 46 (46a to 46d) indicate
positions corresponding to a plurality of feature points in the
schema diagram 44 schematically showing the laterally
inverted apical two-chamber (A2C_Inv) view. For example,
a position marker 464 indicates a position of a heart valve
annulus (right), a position marker 465 indicates a position of
an apex of the heart, a position marker 46¢ indicates a
position of the heart valve annulus (left), and a position
marker 464 indicates a position of the left atrium. Further, a
plurality of number labels 48 (48¢ to 484) indicate setting
orders of the plurality of feature points. For example, a
number label 484 indicates that a feature point correspond-
ing to the heart valve annulus (right) is first in a setting order,
anumber label 485 indicates that a feature point correspond-
ing to the apex of heart is second in the setting order, a
number label 48¢ indicates that a feature point correspond-
ing to the heart valve annulus (left) is third in the setting
order, and a number label 484 indicates that a feature point
corresponding to the left atrium is fourth in the setting order.
[0084] FIG. 8 shows a specific example of a guidance
image 42 of a laterally inverted apical four-chamber (A4C_
Inv) view. For example, when an organ image included in an
ultrasonic image is the laterally inverted apical four-cham-
ber (A4C_Inv) view, and a plurality of feature points are
manually set in the ultrasonic image, the guidance image 42
as the specific example shown in FIG. 8 is used as a display
for guiding the user such as a doctor or a medical technician
to a setting position and a setting order of each feature point.
[0085] In the specific example shown in FIG. 8, a schema
diagram 44 schematically showing the laterally inverted
apical four-chamber (A4C_Inv) view is used. In addition, a
plurality of position markers 46 (46a to 46d) indicate
positions corresponding to a plurality of feature points in the
schema diagram 44 schematically showing the laterally
inverted apical four-chamber (A4C_Inv) view. For example,
a position marker 46a indicates a position of a heart valve
annulus (right), a position marker 465 indicates a position of
an apex of the heart, a position marker 46¢ indicates a
position of the heart valve annulus (left), and a position
marker 464 indicates a position of the left atrium. Further, a
plurality of number labels 48 (48¢ to 484) indicate setting
orders of the plurality of feature points. For example, a
number label 484 indicates that a feature point correspond-
ing to the heart valve annulus (right) is first in a setting order,
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anumber label 485 indicates that a feature point correspond-
ing to the apex of heart is second in the setting order, a
number label 48¢ indicates that a feature point correspond-
ing to the heart valve annulus (left) is third in the setting
order, and a number label 484 indicates that a feature point
corresponding to the left atrium is fourth in the setting order.
[0086] FIG. 9 is a diagram (flowchart) showing a specific
example of a processing executed by the ultrasonic diagno-
sis apparatus in FIG. 1. FIG. 9 shows a specific example of
a semi-auto tracing (a semi-automated trace line forming
processing) executed by the ultrasonic diagnosis apparatus
in FIG. 1. For example, when a diagnosis mode which
requires the semi-auto tracing is selected, a processing in the
flowchart shown in FIG. 9 is started.

[0087] Once the flowchart shown in FIG. 9 is started, first,
an ultrasonic image is generated (S901). In a diagnosis of the
heart, an inspector (the user such as a doctor or a medical
technician) brings a wave transmitting and receiving surface
of the probe 10 into contact with the skin of a subject, and
adjusts a position or an orientation of the probe 10 so that an
ultrasonic image (tomographic image) of the heart of the
subject is displayed on the display unit 82. Then, image data
(frame data) of a plurality of time phases of the heart are
collected in a state where a desired tomographic image can
be obtained. The collected image data of the plurality of time
phases are stored in the data storage unit 24.

[0088] Next, a frame (time phase) is selected (S902). For
example, image data (frame data) of a time phase used for
a trace line forming processing is selected among the image
data of the plurality of time phases stored in the data storage
unit 24. For example, a display image showing contents of
the image data of the plurality of time phases stored in the
data storage unit 24 is displayed on the display unit 82, and
the inspector designates image data of a desired time phase
by operating the operation receiving unit 90 while viewing
the display image. Then, the frame selection unit 26 selects
the image data (frame data) of the time phase designated by
the inspector. It should be noted that the frame selection unit
26 may also perform automatic selection (selection which
does not require an instruction from the inspector) of frame
data of a time phase corresponding to a particular time phase
such as end-diastole.

[0089] Next, a type of image is determined (S903). The
image type determination unit 30 determines, for example,
a type of an organ image included in the image data (frame
data) of the time phase selected by the frame selection unit
26. For example, in the case of the diagnosis of the heart, the
image type determination unit 30 selects a type designated
by the inspector among representative types of organ images
such as an apical three-chamber (A3C) view, an apical
two-chamber (A2C) view, and an apical four-chamber
(A4C) view.

[0090] For example, the image type determination unit 30
may also perform automatic determination (determination
which does not require an instruction from the inspector) of
a type of an organ image through an image recognition
processing for the image data of the time phase selected by
the frame selection unit 26. The image type determination
unit 30 may also perform automatic determination of a type
of an organ by using, for example, a technology related to
the image recognition processing described in JP 5242163
B2.

[0091] A summary of the automatic determination using
the technology of IP 5242163 B2 is as follows. For example,

Feb. 6, 2020

a template (standard template) as a standard is prepared in
advance for each type of organ image. For example, a
standard template is prepared for each of representative
types of organ images such as an apical three-chamber
(A3C) view, an apical two-chamber (A2C) view, and an
apical four-chamber (A4C) view. The image type determi-
nation unit 30 applies the processing specifically described
in JP 5242163 B2 to target image data (image data of the
time phase selected by the frame selection unit 26) to
thereby template the target image data. Then, the image type
determination unit 30 may perform comparison between the
templated target image data and standard templates prepared
in advance, in which the processing specifically described in
JP 5242163 B2 is applied, and determine a standard template
to which the target image data correspond (a standard
template from which a difference is less than a threshold
value as a result of the comparison), thereby determining a
type of organ image included in the target image data.

[0092] When the type of image is determined, a schema
diagram is selected and displayed (S904). For example, in
the case of the diagnosis of the heart, a plurality of schema
diagrams schematically representing organ images are pre-
pared in advance for each of representative types of organ
images such as an apical three-chamber (A3C) view, an
apical two-chamber (A2C) view, and an apical four-chamber
(A4C) view. The image type determination unit 30 selects,
for example, a schema diagram corresponding to the type of
organ image determined in S903 among the plurality of
schema diagrams prepared in advance. Then, the schema
diagram selected by the image type determination unit 30 is
displayed on the display unit 82.

[0093] Next, feature points are set (S905). The represen-
tative point setting unit 50 manually sets, for example, at
least one of a plurality of feature points as specific examples
of a plurality of representative points according to an
operation by the inspector (the user such as a doctor or a
medical technician). In the manual setting, a gnidance image
42 (for example, see FIGS. 3 to 8) corresponding to the
schema diagram selected in S904 is used. For example, a
display image 84 (for example, see FIG. 2) including the
guidance image 42 corresponding to the schema diagram
selected in S904 and the ultrasonic image 28 corresponding
to the image data of the time phase selected in S902 is
displayed on the display unit 82, and the inspector sequen-
tially designates setting positions of the plurality of feature
points in the ultrasonic image 28 according to a setting
position and a setting order of each feature point about
which the guidance image 42 guides while viewing the
display image 84.

[0094] It should be noted that the representative point
setting unit 50 may detect a setting position of at least one
of the plurality of feature points in the ultrasonic image 28.
The representative point setting unit 50 may interpret, for
example, an image (organ image) in the image data of the
time phase selected in S902 to detect a position correspond-
ing to one or more feature points in the ultrasonic image 28
corresponding to the image data. For example, in a case of
a tomographic image of the heart, the representative point
setting unit 50 may detect a position of an image of a heart
valve annulus portion with a relatively higher brightness in
the image as a position of a feature point corresponding to
the heart valve annulus.
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[0095] When the feature points are set, a trace line is
formed (S906). The tracking point setting unit 60 forms a
trace line based on the plurality of feature points set in S905.
[0096] For example, in the case where the tomographic
image of the heart in the ultrasonic image 28 is an apical
three-chamber (A3C) view as shown in FIG. 2, the tracking
point setting unit 60 extracts contours of the left ventricle,
the left atrium, and the aorta based on the feature points 52a,
52¢, and 52e corresponding to three heart valve annulus
portions and the feature point 525 corresponding to an apex
of heart. It should be noted that, for example, a known
method such as dynamic contour modeling described in a
pamphlet of WO 2011/083789 A may be used for the
extraction of the contours by the tracking point setting unit
60. In addition, the tracking point setting unit 60 sets a
boundary for dividing the left atrium from a contour of one
side of the left atrium to a contour of the other side of the left
atrium through the feature point 52/, and sets a boundary for
dividing the aorta from a contour of one side of the aorta to
a contour of the other side of the aorta through the feature
point 52d. Accordingly, in the specific example shown in
FIG. 2, for example, a trace line constituted by the contour
of the left ventricle, the contour of the left atrium, the
contour of the aorta, the boundary for dividing the left
atrium, and the boundary for dividing the aorta is formed.
[0097] Itshould be noted that a trace line corresponding to
each of types of organ images is formed when the type of
organ image in the ultrasonic image 28 is an apical two-
chamber (A2C) view, and an apical four-chamber (A4C)
view, or the like.

[0098] When the trace line is formed, the formed trace line
is displayed on the display unit 82 (S907), and the inspector
(the user such as a doctor or a medical technician) checks
whether or not the trace line is accurate (S908). When the
trace line is not accurate, the inspector modifies a position or
a shape of the trace line displayed on the display unit 82 by,
for example, operating the operation receiving unit 90
(S909). When the trace line is accurate, the processing
(semi-auto tracing) shown in FIG. 9 ends.

[0099] For example, when the trace line is formed by the
processing shown in FIG. 9, the tracking point setting unit
60 sets a plurality of tracking points on the trace line. The
tracking point setting unit 60 sets, for example, approxi-
mately 100 tracking points on the trace line. Accordingly, a
plurality of tracking points 64 are set along the trace line in
the ultrasonic image 28 as in the specific example shown in
FIG. 2.

[0100] When the plurality of tracking points are set, the
tracking processing unit 62 executes tracking processing
based on, for example, image data for each tracking point.
The tracking processing unit 62 tracks a movement of each
tracking point over a plurality of time phases based on, for
example, the image data of the plurality of time phases
stored in the data storage unit 24 as a processing target. The
tracking processing unit 62 tracks movements of a plurality
of tracking points over a plurality of time phases by, for
example, applying pattern matching processing between
time phases based on image data for each tracking point.
Accordingly, in the case of diagnosis of the heart, for
example, movement information of the heart wall can be
obtained based on the plurality of tracking points.

[0101] The vector operation unit 70 may derive a two-
dimensional speed vector at each position in a measurement
region by using speed information obtained from Doppler
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information in an ultrasonic beam direction and the move-
ment information obtained from a tracking result of the
plurality of tracking points by, for example, the known
method described in JP 2013-192643 A. For example, the
vector operation unit 70 may execute a processing (vector
flow mapping (VFM)) of forming distribution of two-di-
mensional speed vectors by deriving a speed vector for each
of a plurality of sample points in a coordinate system for
operation corresponding to a space in which ultrasonic
waves are transmitted and received.

[0102] For example, the display image forming unit 80
forms a display image including the distribution of the speed
vectors formed by the vector operation unit 70 and the
display image is displayed on the display unit 82. Accord-
ingly, in the case of diagnosis of the heart, for example, it is
possible for the inspector to visually check a state of the
bloodstream in the heart.

[0103] FIGS. 10 to 14 are diagrams showing specific
examples of a display image 84 displayed on the display unit
82. FIGS. 10 to 14 show specific example of a display image
84 including an ultrasonic image 28 and a guidance image
42.

[0104] In a modified example 1 shown in FIG. 10, a
position and an order of a feature point which should be set
next by the user such as a doctor or a medical technician in
manual setting are emphatically marked. For example, a
position marker and a number label corresponding to a
feature point which should be set next are emphatically
marked on the guidance image 42. For example, as in the
specific example shown in FIG. 10, when a position of the
first feature point 52a is set, a position marker and a number
label corresponding to the second feature point which should
be set next are enlarged to be emphasized in the guidance
image 42. For example, a position marker and a number
label may also be emphatically marked in a manner in which
a color, a brightness, or the like is changed.

[0105] Then, the user such as a doctor or a medical
technician moves an arrow-shaped cursor AC shown in the
display image 84 to a desired position by, for example,
operating the operation receiving unit 90 to designate a
position of a feature point which should be set next.

[0106] In a modified example 2 shown in FIG. 11, the
representative point setting unit 50 detects setting positions
of a plurality of feature points in an ultrasonic image 28.
Based on a result of the detection, a recommended area for
a position of a feature point which should be set next by the
user such as a doctor or a medical technician in manual
setting is marked. For example, a recommended area for a
position to which the next feature point should be set in the
ultrasonic image 28 is marked. For example, as in the
specific example shown in FIG. 11, when a position of the
first feature point 52¢ is set, a recommended area for a
position corresponding to the second feature point which
should be set next in the ultrasonic image 28 is marked in a
form of a broken line circle. Tt goes without saying that the
recommended area may also be marked in a form other than
a circle.

[0107] Then, the user such as a doctor or a medical
technician moves an arrow-shaped cursor AC shown in the
display image 84 to, for example, a desired position in the
recommended area by, for example, operating the operation
receiving unit 90 to designate a position of a feature point
which should be set next.
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[0108] In a modified example 3 shown in FIG. 12, the
representative point setting unit 50 detects setting positions
of a plurality of feature points in an ultrasonic image 28.
Based on a result of the detection, for example, the display
image forming unit 80 moves a cursor for setting to a
predicted position of a feature point which should be set next
by the user such as a doctor or a medical technician in
manual setting. For example, as in the specific example
shown in FIG. 12, when a position of the first feature point
52a is set, an arrow-shaped cursor AC is moved to a
predicted position to which the second feature point which
should be set next is to be set. The user such as a doctor or
a medical technician slightly adjusts a position of the
arrow-shaped cursor AC as necessary by, for example,
operating the operation receiving unit 90 to designate a
position of a feature point which should be set next.

[0109] In a modified example 4 shown in FIG. 13, the
image type determination unit 30 automatically determines
atype of organ image, and a guidance image 42 correspond-
ing to the type of organ image automatically determined by
the image type determination unit 30 is displayed. For
example, in the case of the diagnosis of the heart, the image
type determination unit 30 determines a type corresponding
to an ultrasonic image 28 among representative types of
tomographic images such as an apical three-chamber (A3C)
view, an apical two-chamber (A2C) view, and an apical
four-chamber (A4C) view. Then, the guidance image gen-
eration unit 40 selects a schema diagram corresponding to
the type of organ image determined by the image type
determination unit 30 to generate a guidance image 42.

[0110] The user may also be able to modify (change) the
type of organ image automatically determined by the image
type determination unit 30. For example, in the modified
example 4 shown in FIG. 13, the user such as a doctor or a
medical technician may also operate the menu display for
selecting a displayed cross section to select a cross section
corresponding to the tomographic image of the heart in the
ultrasonic image 28 from the list of displayed cross sections
shown in the pull-down menu (see FIG. 2), thereby making
it possible to change a type of cross section.

[0111] In a modified example 5 shown in FIG. 14, the
representative point setting unit 50 detects setting positions
of a plurality of feature points in an ultrasonic image 28.
Then, a result of the detection of the plurality of feature
points by the representative point setting unit 50 is shown in
the ultrasonic image 28. For example, as in the specific
example shown in FIG. 14, positions corresponding to the
plurality of feature points 52a to 52f detected by the repre-
sentative point setting unit 50 are marked on the ultrasonic
image 28.

[0112] The user may also be able to modify (change) the
positions of the feature points detected by the representative
point setting unit 50. For example, in the modified example
5 shown in FIG. 14, the user may also be able to modify
positions of the respective feature points 52 marked on the
ultrasonic image 28 by operating the operation receiving
unit 90 to designate modified positions of the feature points.

[0113] Although the preferred embodiments of the present
disclosure have been described above, the embodiments
described above are merely illustrative in all respects, and do
not limit the scope of the present disclosure. The present
disclosure includes various modifications without departing
from the gist of the present disclosure.
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1. An ultrasonic image processing apparatus comprising:
a representative point setting unit which manually sets at
least one of a plurality of representative points in an
ultrasonic image based on data obtained by transmitting
and receiving ultrasonic waves according to an opera-
tion by a user; and
an image generation unit which generates a guidance
image in which setting position information and setting
order information of each manually set representative
point are marked on a schematic diagram schematically
representing an organ image included in the ultrasonic
image.
2. The ultrasonic image processing apparatus according to
claim 1, wherein
the image generation unit generates the guidance image in
which a position marker as the setting position infor-
mation and a number label as the setting order infor-
mation are marked on the schematic diagram.
3. The ultrasonic image processing apparatus according to
claim 1, wherein
the image generation unit generates the guidance image
corresponding to a type of organ image included in the
ultrasonic image by marking setting position informa-
tion and setting order information corresponding to the
type of organ image on the schematic diagram selected
according to the type of organ image.
4. The ultrasonic image processing apparatus according to
claim 2, wherein
the image generation unit generates the guidance image
corresponding to a type of organ image included in the
ultrasonic image by marking setting position informa-
tion and setting order information corresponding to the
type of organ image on the schematic diagram selected
according to the type of organ image.
5. The ultrasonic image processing apparatus according to
claim 1, wherein
the representative point setting unit manually sets one or
more representative points inside a bloodstream as
representative points for defining an edge of a closed
region according to an operation by the user, and
the image generation unit generates the guidance image in
which setting position information and setting order
information of each representative point manually set
inside the bloodstream are marked on the schematic
diagram.
6. The ultrasonic image processing apparatus according to
claim 5, further comprising:
a tracking point setting unit which sets a plurality of
tracking points on the edge of the closed region based
on the plurality of representative points; and

a tracking processing unit which tracks movements of the
plurality of tracking points over a plurality of time
phases by applying a pattern matching processing
between time phases based on image data of the
ultrasonic image for each tracking point.

7. The ultrasonic image processing apparatus according to

claim 6, further comprising:

a vector operation unit which obtains vector information
corresponding to one or more positions within the
closed region based on movement information of each
tracking point obtained by tracking the movements of
the plurality of tracking points set on the edge of the
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closed region, and Doppler information obtained from
a plurality of ultrasonic beams passing through the
closed region.

8. A program causing a computer to execute functions of:

manually setting at least one of a plurality of representa-
tive points in an ultrasonic image based on data
obtained by transmitting and receiving ultrasonic
waves according to an operation by a user; and

generating a guidance image in which setting position
information and setting order information of each
manually set representative point are marked on a
schematic diagram schematically representing an organ
image included in the ultrasonic image.
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