a9y United States

EBATA

US 20190350560A1

12) Patent Application Publication (o) Pub. No.: US 2019/0350560 A1

43) Pub. Date: Nov. 21, 2019

(54)

(1)
(72)

(73)

1)
(22)

(63)

ULTRASOUND DIAGNOSTIC APPARATUS,
METHOD FOR CONTROLLING
ULTRASOUND DIAGNOSTIC APPARATUS,
AND PROGRAM FOR CONTROLLING
ULTRASOUND DIAGNOSTIC APPARATUS

Applicant:

Inventor:

Assignee:
Appl. No.:

Filed:

FUJIFILM Corporation, Tokyo (JP)

Tetsurou EBATA, Ashigara-kami-gun

(P)

FUJIFILM Corporation, Tokyo (JP)

16/527,408

Jul. 31, 2019

Related U.S. Application Data

Continuation of application No.

001326, filed on Jan. 18, 2018.

PCT/JP2018/

Publication Classification

(51) Int. CL
AGIB 8/00 (2006.01)
AGIB 8/08 (2006.01)
(52) US.CL
CPC oo AG61B 8/54 (2013.01); A61B 8/5292
(2013.01); A61B 8/5207 (2013.01)
(57) ABSTRACT

An ultrasound diagnostic apparatus 1 includes an image
acquisition unit 3 that generates an ultrasound image, an
image recognition unit 9 that performs image recognition for
the ultrasound image to calculate recognition scores, an
index value calculation unit 10 that calculates index values
of a plurality of parts on the basis of the recognition scores
calculated for a predetermined number of ultrasound
images, an order decision unit 11 that decides a determina-
tion order in which part determination is performed for the
plurality of parts on the basis of the index values, and a part

(30) Foreign Application Priority Data determination unit 12 that determines an imaging part of a
subject on the basis of the recognition scores calculated
Feb. 1, 2017 (JP) oo 2017-016590 according to the determination order.
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ULTRASOUND DIAGNOSTIC APPARATUS,
METHOD FOR CONTROLLING
ULTRASOUND DIAGNOSTIC APPARATTUS,
AND PROGRAM FOR CONTROLLING
ULTRASOUND DIAGNOSTIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2018/001326 filed on Jan. 18,
2018, which claims priority under 35 U.S.C. § 119(a) to
Japanese Patent Application No. 2017-016590 filed on Feb.
1, 2017. The above application is hereby expressly incor-
porated by reference, in its entirety, into the present appli-
cation.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to an ultrasound
diagnostic apparatus, a method for controlling an ultrasound
diagnostic apparatus, and a program for controlling an
ultrasound diagnostic apparatus, and more particularly, to an
ultrasound diagnostic apparatus that determines an imaging
part of a subject, a method for controlling the ultrasound
diagnostic apparatus, and a program for controlling the
ultrasound diagnostic apparatus.

2. Description of the Related Art

[0003] In recent years, an ultrasound diagnostic apparatus
has been known as an apparatus for obtaining an image of
the inside of a subject. In general, the ultrasound diagnostic
apparatus comprises an ultrasound probe comprising a trans-
ducer array in which a plurality of elements are arranged. In
a state in which the ultrasound probe is in contact with the
body surface of the subject, ultrasound beams are transmit-
ted from the transducer array to the subject and the trans-
ducer array receives ultrasound echoes from the subject. In
this way, element data is acquired. In addition, the ultra-
sound diagnostic apparatus electrically processes the
obtained element data to generate an ultrasound image of a
corresponding part of the subject.

[0004] It has been known that, in a case in which the
ultrasound image of a part of the subject is generated by the
ultrasound diagnostic apparatus, there are imaging condi-
tions suitable for each part. It is preferable that the imaging
conditions are automatically set in a case in which the
ultrasound image of each part is generated. However, it is
necessary to automatically determine an imaging part of the
subject which is currently being examined in order to
automatically set the imaging conditions.

[0005] Therefore, various proposals have been made as
the ultrasound diagnostic apparatus that can automatically
determine an imaging part of a subject. For example, an
ultrasound diagnostic apparatus disclosed in JP1992-
224738A (JP-H04-224738A) includes a pattern memory that
stores characteristic patterns of each part of a subject,
collates an image pattern extracted from a generated ultra-
sound image with a plurality of pattern data items stored in
the pattern memory, detects pattern data similar to the image
pattern included in the generated ultrasound image, and
determines an imaging part.
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[0006] However, in general, the amount of calculation
load required for image recognition that extracts an image
pattern from a generated ultrasound image and collates the
extracted image pattern with pattern data stored in advance
is large. In particular, in a case in which the image recog-
nition is performed by an apparatus with a low processing
performance, it takes a lot of time until the image recogni-
tion 1s completed. In addition, in the ultrasound diagnostic
apparatus  disclosed in JP1992-224738A  (JP-HO4-
224738A), in a case in which the image recognition is
performed for a plurality of parts of the subject, it is
necessary to collate the image pattern extracted from the
generated ultrasound image with many pattern data items
corresponding to the plurality of parts. As a result, the time
required to determine the imaging part further increases. In
addition, in the ultrasound diagnostic apparatus disclosed in
JP1992-224738A (TP-1104-224738A), this process needs to
be performed for each of the plurality of parts of the subject.
[0007] The invention has been made in order to solve the
problems of the related art and an object of the invention is
to provide an ultrasound diagnostic apparatus that can
reduce the time required to determine an imaging part, a
method for controlling the ultrasound diagnostic apparatus,
and a program for controlling the ultrasound diagnostic
apparatus.

[0008] In order to achieve the object, an ultrasound diag-
nostic apparatus according to the invention comprises: an
image acquisition unit that transmits an ultrasound beam
from an ultrasound probe to a subject to generate an ultra-
sound image; an image recognition unit that performs image
recognition for the ultrasound image generated by the image
acquisition unit to calculate recognition scores of a plurality
of parts of the subject; an index value calculation unit that
calculates index values of the plurality of parts on the basis
of the recognition scores of the plurality of parts calculated
for a predetermined number of ultrasound images; an order
decision unit that decides a determination order in which
part determination is performed for the plurality of parts on
the basis of the index values; and a part determination unit
that determines an imaging part of the subject on the basis
of the recognition scores calculated by the image recognition
unit according to the determination order.

[0009] Preferably, the index value calculation unit uses, as
the index values of the plurality of parts, recognition scores
of the plurality of parts calculated by the image recognition
unit for a latest ultrasound image acquired by the image
acquisition unit.

[0010] The index value calculation unit may calculate the
index values of the plurality of parts of the subject on the
basis of recognition scores of the plurality of parts calculated
by the image recognition unit for each of a plurality of
ultrasound images which are continuously acquired in time
series and include a latest ultrasound image acquired by the
image acquisition unit.

[0011] Preferably, the index value calculation unit uses
mean values or medians of the recognition scores of the
plurality of parts calculated for the plurality of ultrasound
images as the index values of the plurality of parts.

[0012] The index value calculation unit may use maxi-
mum values or minimum values of the recognition scores of
the plurality of parts calculated for the plurality of ultra-
sound images as the index values of the plurality of parts.
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[0013] The index value calculation unit may calculate
weighted mean values of the recognition scores of the
plurality of parts by giving a larger weight to an ultrasound
image more recently acquired by the image acquisition unit
among the plurality of ultrasound images and may use the
weighted mean values as the index values of the plurality of
parts.

[0014] The index value calculation unit may give ranking
scores to the plurality of parts for each of the plurality of
ultrasound images such that the part with a higher recogni-
tion score has a higher ranking score and may use sums of
the ranking scores of the plurality of parts for the plurality
of ultrasound images as the index values of the plurality of
parts.

[0015] The index value calculation unit may have a thresh-
old value of the recognition score and may use the number
of recognition scores greater than the threshold value among
the recognition scores of the plurality of parts calculated for
the plurality of ultrasound images as the index value of each
of the plurality of parts.

[0016] Preferably, in a case in which there are the same
index values among the calculated index values of the
plurality of parts, the index value calculation unit calculates
the index values again, using an ultrasound image group
which includes the latest ultrasound image and consists of
ultrasound images which are continuous in time series and
whose number is less than the number of the ultrasound
images used to calculate the index values.

[0017] In a case in which there are the same index values
among the calculated index values of the plurality of parts,
the index value calculation unit may calculate the index
values again, using an ultrasound image group consisting of
a plurality of ultrasound images which are continuous in
time series and are acquired by the image acquisition unit
before the latest ultrasound image in time series.

[0018] Preferably, the ultrasound diagnostic apparatus fur-
ther comprises a probe state detection unit that detects a
change in the imaging part caused by movement of the
ultrasound probe. Preferably, after the probe state detection
unit detects the change in the imaging part, the index value
calculation unit starts to calculate the index value.

[0019] Preferably, the order decision unit decides the
determination order such that the part with a larger index
value ranks higher.

[0020] According to the invention, there is provided a
method for controlling an ultrasound diagnostic apparatus.
The method comprises: transmitting an ultrasound beam
from an ultrasound probe to a subject to generate an ultra-
sound image; performing image recognition for the ultra-
sound image to calculate recognition scores of a plurality of
parts of the subject; calculating index values of the plurality
of parts on the basis of the recognition scores of the plurality
of parts calculated for a predetermined number of ultrasound
images; deciding a determination order in which part deter-
mination is performed for the plurality of parts on the basis
of the index values; and determining an imaging part of the
subject on the basis of the recognition scores calculated
according to the determination order.

[0021] According to the invention, there is provided a
program for controlling an ultrasound diagnostic apparatus.
The program comprises: a step of transmitting an ultrasound
beam from an ultrasound probe to a subject to generate an
ultrasound image; a step of performing image recognition
for the ultrasound image to calculate recognition scores of a
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plurality of parts of the subject; a step of calculating index
values of the plurality of parts on the basis of the recognition
scores of the plurality of parts calculated for a predetermined
number of ultrasound images; a step of deciding a determi-
nation order in which part determination is performed for the
plurality of parts on the basis of the index values; and a step
of determining an imaging part of the subject on the basis of
the recognition scores calculated according to the determi-
nation order.

[0022] According to the invention, the ultrasound diag-
nostic apparatus includes the order decision unit that decides
the determination order in which part determination is
performed and determines an imaging part on the basis of
the determination order. Therefore, it is possible to reduce
the time required to determine the imaging part.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a block diagram illustrating the configu-
ration of an ultrasound diagnostic apparatus according to
Embodiment 1 of the invention.

[0024] FIG. 2 is a block diagram illustrating the internal
configuration of a receiving unit illustrated in FIG. 1.
[0025] FIG. 3 is a block diagram illustrating the internal
configuration of an image generation unit illustrated in FIG.
1.

[0026] FIG. 4 is a flowchart illustrating an operation of the
ultrasound diagnostic apparatus according to Embodiment 1
of the invention.

[0027] FIG. 5 is a flowchart illustrating a part determina-
tion operation of the ultrasound diagnostic apparatus accord-
ing to Embodiment 1 of the invention.

[0028] FIG. 6 is a flowchart illustrating an operation of an
ultrasound diagnostic apparatus according to Embodiment 2
of the invention.

[0029] FIG. 7 is a flowchart illustrating a part determina-
tion operation of an ultrasound diagnostic apparatus accord-
ing to Embodiment 3 of the invention.

[0030] FIG. 8 is a block diagram illustrating the configu-
ration of an ultrasound diagnostic apparatus according to
Embodiment 4 of the invention.

[0031] FIG. 9 is a flowchart illustrating a part determina-
tion operation of the ultrasound diagnostic apparatus accord-
ing to Embodiment 4 of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0032] Hereinafter, embodiments of the invention will be
described with reference to the accompanying drawings.

Embodiment 1

[0033] FIG. 1 illustrates the configuration of an ultrasound
diagnostic apparatus according to Embodiment 1 of the
invention. An ultrasound diagnostic apparatus 1 comprises
an ultrasound probe 2 provided with a transducer array 2A.
A display control unit 7 and a display unit 8 are sequentially
connected to the ultrasound probe 2 through an image
acquisition unit 3.

[0034] The image acquisition unit 3 includes a receiving
unit 4 and a transmitting unit 5 that are connected to the
transducer array 2A of the ultrasound probe 2, and an image
generation unit 6 that is connected to the receiving unit 4.
The display control unit 7 is connected to the image gen-
eration unit 6. In addition, an image recognition unit 9 is
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connected to the image generation unit 6. An index value
calculation unit 10 is connected to the image tecognition
unit 9. An order decision unit 11 is connected to the index
value calculation unit 10. A part determination unit 12 is
connected to the order decision unit 11. Further, the image
recognition unit 9 is connected to the part determination unit
12. Furthermore, a probe state detection unit 13 is connected
to the image generation unit 6.

[0035] In addition, an apparatus control unit 14 is con-
nected to the image acquisition unit 3, the display control
unit 7, the image recognition unit 9, the index value calcu-
lation unit 10, the order decision unit 11, the part determi-
nation unit 12, and the probe state detection unit 13. An
operation unit 15 and a storage unit 16 are connected to the
apparatus control unit 14. The apparatus control unit 14 and
the storage unit 16 are connected such that information can
be bi-directionally transmitted and received therebetween.

[0036] The transducer array 2A of the ultrasound probe 2
illustrated in FIG. 1 includes a plurality of elements (ultra-
sound transducers) which are one-dimensionally or two-
dimensionally arranged. Each of the elements transmits
ultrasonic waves in response to a driving signal supplied
from the transmitting unit 5. In addition, each of the ele-
ments receives ultrasound echoes from a subject and outputs
a received signal. Each of the elements is, for example, a
transducer in which electrodes are formed at both ends of a
piezoelectric body made of piezoelectric ceramic typified by
lead zirconate titanate (PZT), a polymer piezoelectric ele-
ment typified by polyvinylidene difluoride (PVDF), or a
piezoelectric single crystal typified by lead magnesium
niobate-lead titanate (PMN-PT).

[0037] Inacaseinwhich apulsed voltage or a continuous-
wave voltage is applied to the electrodes of the transducer,
the piezoelectric body is expanded and contracted and
pulsed or continuous ultrasonic waves are generated from
each transducer. The ultrasonic waves are combined to form
an ultrasound beam. In addition, each transducer receives
propagated ultrasonic waves, is expanded and contracted,
and generates an electric signal. The electric signal is output
as a received ultrasound signal from each transducer to the
receiving unit 4.

[0038] As illustrated in FIG. 2, the receiving unit 4 of the
image acquisition unit 3 has a configuration in which an
amplification unit 17 and an analog/digital (A/D) conversion
unit 18 are connected in series to each other. The receiving
unit 4 outputs, to the image generation unit 6, element data
obtained by amplifying the received signal output from each
element of the transducer array 2A with the amplification
unit 17 and converting the amplified signal into a digital
signal with the A/D conversion unit 18.

[0039] The transmitting unit 5 of the image acquisition
unit 3 includes, for example, a plurality of pulse generators,
adjusts the amount of delay of each driving signal such that
the ultrasonic waves transmitted from the plurality of ele-
ments of the transducer array 2A form an ultrasound beam,
on the basis of a transmission delay pattern selected accord-
ing to a control signal from the apparatus control unit 14, and
supplies the driving signals to the plurality of elements.

[0040] As illustrated in FIG. 3, the image generation unit
6 of the image acquisition unit 3 has a configuration in which
a brightness-mode (B-mode) processing unit 19 and an
image processing unit 20 are sequentially connected in
series to each other.
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[0041] The B-mode processing unit 19 performs a recep-
tion focusing process which applies a delay to each element
data item following a set sound speed on the basis of a
reception delay pattern selected according to a control signal
from the apparatus control unit 14 and adds the received data
(phasing addition). A sound ray signal in which the focus of
the ultrasound echo is narrowed is generated by the recep-
tion focusing process. In addition, the B-mode processing
unit 19 corrects the attenuation of the sound ray signal
caused by a propagation distance according to the depth of
the reflection position of ultrasonic waves and then performs
an envelope detection process to generate a B-mode image
signal which is tomographic image information related to
the tissues in the subject. The B-mode image signal gener-
ated by the B-mode processing unit 19 is output to the image
processing unit 20.

[0042] The image processing unit 20 converts the B-mode
image signal generated by the B-mode processing unit 19
into an image signal based on a general television signal
scanning system (raster conversion), performs various types
of necessary image processing, such as a gradation process,
for the B-mode image signal, and outputs a B-mode image
signal, that is, an ultrasound image to the display control unit
7 and the image recognition unit 9.

[0043] As illustrated in FIG. 1, the display control unit 7
of the ultrasound diagnostic apparatus 1 directs the display
unit 8 to display the ultrasound image on the basis of the
B-mode image signal acquired by the image acquisition unmit
3.

[0044] The display unit 8 includes a display device, such
as a liquid crystal display (LCD), and displays the ultra-
sound image under the control of the apparatus control unit
14.

[0045] The image recognition unit 9 receives the ultra-
sound image subjected to various types of image processing
from the image processing unit 20 of the image generation
unit 6 and performs image recognition, such as pattern
recognition, for the ultrasound image to calculate recogni-
tion scores of a plurality of parts of the subject. Here, the
recognition scores of the plurality of parts of the subject are
the similarities of imaging parts in the ultrasound image to
the plurality of parts of the subject. As the value of the
similarity becomes larger, the probability of the imaging part
in the ultrasound image being the corresponding part
becomes higher.

[0046] The index value calculation unit 10 calculates the
index values of the plurality of parts of the subject on the
basis of the recognition scores of the plurality of parts of the
subject calculated by the image recognition unit 9. There are
various methods for calculating the index values. Hereinaf-
ter, for the purpose of description, it is assumed that the
index values of the plurality of parts of the subject are the
mean values of the recognition scores of the plurality of
parts of the subject calculated for a plurality of ultrasound
images. As such, in a case in which the index values are
calculated on the basis of the recognition scores for a
plurality of ultrasound images, the index value calculation
unit 10 calculates the index values on the basis of the
recognition scores for a plurality of ultrasound images which
are continuously acquired in time series and include the
latest ultrasound image acquired by the image acquisition
unit 3.

[0047] The order decision unit 11 decides a determination
order in which imaging part determination is performed for
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the plurality of parts of the subject on the basis of the index
values of the plurality of parts of the subject calculated by
the index value calculation unit 10. At that time, the order
decision unit 11 decides the determination order such that a
part with a high probability of being the imaging part whose
image is currently captured ranks higher.

[0048] The part determination unit 12 determines the
imaging part of the subject for the ultrasound image
acquired by the image acquisition unit 3 on the basis of the
recognition scores calculated by the image recognition unit
9 according to the determination order. That is, the part
determination unit 12 sequentially determines the imaging
part from the part that ranks first among the plurality of parts
of the subject according to the determination order decided
by the order decision unit 11.

[0049] The probe state detection unit 13 determines
whether the ultrasound probe 2 is in an aerial emission state.
Here, the aerial emission state of the ultrasound probe 2
means a state in which the ultrasound probe 2 is separated
from the body surface of the subject and the ultrasound beam
transmitted from the transducer array 2A to the subject is
emitted to the air. In a case in which the ultrasound probe 2
is in the aerial emission state, the ultrasound beam emitted
from the transducer array 2A is not reflected from a part of
the subject and the received signal generated in the trans-
ducer array 2A does not have sufficient intensity. As a result,
the image of the part is not included in the ultrasound image
generated by the image generation unit 6. Therefore, the
probe state detection unit 13 determines that the ultrasound
probe 2 is in the aerial emission state in a case in which no
image is included in the ultrasound image and determines
that the ultrasound probe 2 is in contact with the subject in
acase in which an image is included in the ultrasound image.
[0050] The apparatus control unit 14 controls each unit of
the ultrasound diagnostic apparatus 1 on the basis of com-
mands input by an operator through the operation unit 15.
[0051] The operation unit 15 is used by the operator to
perform an input operation and may include, for example, a
keyboard, a mouse, a trackball, and a touch panel.

[0052] The storage unit 16 stores, for example, an opera-
tion program of the ultrasound diagnostic apparatus 1 and
may be a recording medium, such as a hard disc drive
(HDD), a solid state drive (SSD), a flexible disc (FD), a
magneto-optical (MO) disc, a magnetic tape (MT), a random
access memory (RAM), a compact disc (CD), a digital
versatile disc (DVD), a secure digital (SD) card, or a
universal serial bus (USB) memory, or a server.

[0053] The image generation unit 6 of the image acquisi-
tion unit 3, the display control unit 7, the image recognition
unit 9, the index value calculation unit 10, the order decision
unit 11, the part determination unit 12, the probe state
detection unit 13, and the apparatus control unit 14 are
implemented by a central processing unit (CPU) and a
control program that causes the CPU to perform various
processes. However, these units may be implemented by a
digital circuit and a computer. In addition, some or all of the
image generation unit 6, the display control unit 7, the image
recognition unit 9, the index value calculation unit 10, the
order decision unit 11, the part determination unit 12, the
probe state detection unit 13, and the apparatus control unit
14 may be integrated into one CPU.

[0054] Next, the operation of the ultrasound diagnostic
apparatus 1 according to Embodiment 1 will be described
with reference to a flowchart illustrated in FIG. 4.
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[0055] First, in Step S 1, the receiving unit 4 and the
transmitting unit 5 of the image acquisition unit 3 perform
the transmission and reception of ultrasound beams and
scanning, that is, the capture of an ultrasound image, using
the plurality of ultrasound transducers of the transducer
array 2A in the ultrasound probe 2. At that time, each
ultrasound transducer which has received ultrasound echoes
from the subject generates a received signal and the received
signal is input to the receiving unit 4. The amplification unit
17 of the receiving unit 4 amplifies the received signal input
to the receiving unit 4. In addition, the A/D conversion unit
18 performs A/D conversion for the received signal. Fur-
thermore, the received signal is input to the image genera-
tion unit 6. The B-mode processing unit 19 of the image
generation unit 6 generates a B-mode image, that is, an
ultrasound image.

[0056] Then, in Step S2, the probe state detection unit 13
determines whether the ultrasound probe 2 is in the aerial
emission state. In a case in which it is determined in Step S2
that the ultrasound probe 2 is in the aerial emission state, the
process returns to Step S1. On the other hand, in a case in
which it is determined in Step S2 that the ultrasound probe
2 is not in the aerial emission state and is in contact with the
body surface of the subject, the process proceeds to Step S3.
[0057] In Step S3, the imaging part that is currently being
examined is determined. The part determination in Step S3
will be described in detail below with reference to FIG. 5.
[0058] In a case in which the imaging part is determined
in Step S3, the process proceeds to Step S4. In Step S4, the
apparatus control unit 14 sets imaging conditions suitable
for the part determined in Step S3. Here, the imaging
conditions include, for example, a frame rate in ultrasound
diagnosis, the resolution of an ultrasound image, the bright-
ness of an ultrasound image, and a dynamic range in
ultrasound diagnosis.

[0059] Then, in Step S5, the image acquisition unit 3
acquires an ultrasound image. At that time, since the imag-
ing conditions set in Step S4 are used as the imaging
conditions, the image acquisition unit 3 can acquire the
ultrasound image in which the image of the imaging part is
clear.

[0060] Then, in Step S6, it is determined again whether the
ultrasound probe 2 is in the aerial emission state. Here, in a
case in which the probe state detection unit 13 determines
that the ultrasound probe 2 is not in the aerial emission state
and is in contact with the body surface of the subject, it is
determined that the imaging part has not been changed and
the process returns to Step S5 to acquire an ultrasound image
again. On the other hand, in a case in which the probe state
detection unit 13 determines that the ultrasound probe 2 is in
the aerial emission state, it is determined that a change in the
imaging part has started and the process returns to Step S1.
[0061] Next, the part determination in Step S3 will be
described with reference to FIG. 5. In a case in which the
part determination in Step S3 starts, first, an ultrasound
image is acquired in Step S7.

[0062] Then, in Step S8, the image recognition unit 9
calculates the recognition scores of a plurality of parts of the
subject for the ultrasound image acquired in Step S7.
[0063] Then, in Step S9, the apparatus control unit 14
determines whether the recognition scores of a plurality of
parts of the subject have been calculated for a predetermined
number of frames of ultrasound images. Here, the part
determination process in Step S3 has the determination step
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of Step S9 in order to obtain the number of recognition
scores required for the index value calculation unit 10 to
calculate the index values. Therefore, in a case in which it
is determined in Step S9 that the recognition scores have not
been calculated for a predetermined number of frames of
ultrasound images, the process returns to Step S7 to acquire
an ultrasound image. Then, in Step S8, a new recognition
score is calculated. As such, in a case in which it is
determined in Step S9 that the recognition scores of a
plurality of parts of the subject have been calculated for a
predetermined number of frames of ultrasound images after
the repetition of Steps S7 and S8, the process proceeds to
Step S10.

[0064] In Step S10, the index value calculation unit 10
averages a predetermined number of recognition scores
calculated by the repetition of Steps S7 and S8 for each of
a plurality of parts to calculate the index values of the
plurality of parts of the subject.

[0065] Then, in Step S11, the order decision unit 11
decides the determination order of the plurality of parts of
the subject such that, as the index values of the plurality of
parts of the subject calculated in Step S10 become larger, the
rankings become higher. For example, in a case in which the
plurality of parts of the subject include the heart and the
lung, the heart has the largest index value, and the lung has
the second largest index value, the heart ranks first and the
lung ranks second.

[0066] Then, in Step S12, in a case in which the image
acquisition unit 3 acquires a new ultrasound image, the
process proceeds to Step S13.

[0067] In Step S13, the image recognition unit 9 calculates
the recognition score of the part that ranks first according to
the determination order decided in Step S 11 for the latest
ultrasound image acquired in Step S12. For example, in a
case in which the heart ranks first in the determination order,
only the recognition score of the heart is calculated for the
ultrasound image acquired in Step S12.

[0068] Then, in Step S14, the part determination unit 12
performs threshold value determination of whether the rec-
ognition score of one part calculated in Step S13 is greater
than a determination threshold value. The determination
threshold value is the threshold value of the recognition
score in part determination and the same determination
threshold value can be used for all of the parts. In a case in
which it is determined in Step S14 that the recognition score
of one part is equal to or less than the determination
threshold value, it is determined that it is difficult to decide
the imaging part as the part whose recognition score has
been calculated in Step S13 and the process proceeds to Step
S15.

[0069] In Step S15, the apparatus control unit 14 deter-
mines whether the threshold value determination for the
recognition scores of all of the plurality of parts of the
subject has been completed in Step S14. In a case in which
it is determined in Step S15 that the threshold value deter-
mination for the recognition scores of all of the plurality of
parts of the subject has not been completed in Step S14, the
process proceeds to Step S16.

[0070] In Step S16, the apparatus control unit 14 updates
a determination part. That is, the apparatus control unit 14
changes the part whose recognition score is to be calculated
in the next Step S13 from the part that ranks first to the part
that ranks second in the determination order decided in Step
S11. Hereinafter, for the purpose of description, among the
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parts of the subject which rank according to the determina-
tion order decided in Step S11, the part to be determined to
be the imaging part, that is, the part to be determined in Step
S14 is referred to as the determination part. In a case in
which the determination part is updated, the process returns
to Step S13 in order to determine the imaging part for the
next part on the basis of the determination order.

[0071] In Step S13 performed for the second time, only the
recognition score of the part that ranks second in the
determination order decided in Step S11 is calculated for the
ultrasound image acquired in Step S12. Then, in Step S14,
the part determination unit 12 determines whether the rec-
ognition score of the part that ranks second in the determi-
nation order is greater than the determination threshold
value. Here, in a case in which it is determined that the
recognition score is equal to or less than the determination
threshold value, the process proceeds to Step S15.

[0072] As such, as long as it is determined in Step S14 that
the recognition score of the determination part is equal to or
less than the determination threshold value, Steps S13 to S16
are repeated according to the determination order decided in
Step S11. In a case in which it is determined in Step S15 that
the threshold value determination for the recognition scores
of all of the plurality of parts of the subject has been
completed in Step S14 as a result of the repetition of Steps
S13 to S16, it is determined that it is difficult to decide the
part included in the ultrasound image acquired in Step S12
to be any of the plurality of parts of the subject and the
process returns to Step S8. In the subsequent Steps S8 to
S14, the index values of the plurality of parts of the subject
are newly calculated on the basis of the newly calculated
recognition scores of the plurality of parts of the subject and
a new determination order is decided on the basis of the
index values. In addition, the recognition scores are calcu-
lated for the ultrasound image newly acquired in Step S12
according to the newly decided determination order and part
determination is performed for the imaging part on the basis
of the recognition scores.

[0073] In a casein which it is determined in Step S14 that
the recognition score of the determination part is greater
than the determination threshold value, the process proceeds
to Step S17.

[0074] In Step S17, the part determination unit 12 decides
the imaging part whose image is currently captured to be the
determination part having the recognition score determined
to be greater than the determination threshold value in Step
S14. Then, the part determination operation ends.

[0075] The ultrasound diagnostic apparatus 1 according to
the above-described Embodiment 1 decides the determina-
tion order such that the part with a high probability of being
the imaging part whose image is currently captured ranks
higher and sequentially determines a plurality of parts of the
subject according to the determination order in a case in
which part determination is performed. Therefore, it is
possible to reduce the calculation load of the ultrasound
diagnostic apparatus 1 and to reduce the time required to
determine the imaging part.

[0076] The index value calculation unit 10 averages the
recognition scores of the plurality of parts of the subject
calculated for a plurality of ultrasound images to calculate
the index values of the plurality of parts of the subject.
However, for example, the number of ultrasound images
required for the index value calculation unit 10 to calculate
the index value may be set by the operator through the
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operation unit 15 or the like, or may be stored in the index
value calculation unit 10 and the storage unit 16 in advance.
[0077] Inaddition, the index value calculation unit 10 may
calculate the index value using various methods other than
the method of averaging the recognition scores of each of the
plurality of parts of the subject. For example, the index value
calculation unit 10 may use the medians of the recognition
scores of the plurality of parts of the subject calculated for
a plurality of ultrasound images as the index values of the
plurality of parts of the subject.

[0078] In addition, for example, the index value calcula-
tion unit 10 may use the maximum values of the recognition
scores of the plurality of parts of the subject calculated for
a plurality of ultrasound images as the index values of the
plurality of parts of the subject. Further, the index value
calculation unit 10 may use the minimum values of the
recognition scores of the plurality of parts of the subject
calculated for a plurality of ultrasound images as the index
values of the plurality of parts of the subject.

[0079] Furthermore, for example, the index value calcu-
lation unit 10 may use weighted mean values obtained by
weighting and averaging the recognition scores of the plu-
rality of parts of the subject calculated for a plurality of
ultrasound images as the index values of the plurality of
parts of the subject. In this case, the index value calculation
unit 10 may calculate the weighted mean value by giving a
larger weight to the recognition score calculated for an
ultrasound image more recently acquired by the image
acquisition unit 3 among the plurality of ultrasound images.
[0080] For example, the index value calculation unit 10
may give ranking scores to a plurality of parts of the subject
for each of a plurality of ultrasound images such that the
ranking score becomes higher as the recognition score
becomes higher. In this case, the index value calculation unit
10 can use the sums of the ranking scores of the plurality of
parts of the subject for the plurality of ultrasound images as
the index values of the plurality of parts of the subject. That
is, for example, for each ultrasound image, the ranking
scores are given to the plurality of parts of the subject such
that a higher score is given to the part with a higher
recognition score in the order of five points, four points,
three points, two points, and one point and the ranking
scores of each part for the plurality of ultrasound images are
added up to calculate the index values of the plurality of
parts of the subject.

[0081] In addition, for example, the index value calcula-
tion unit 10 may have a threshold value of the recognition
score and calculate the index value from the result of
threshold value determination for the recognition score. In
this case, the index value calculation unit 10 can use the
number of recognition scores that are greater than the
threshold value among the recognition scores of the plurality
of parts of the subject calculated for the plurality of ultra-
sound images as the index values of the plurality of parts of
the subject. That is, for example, in a case in which the
number of recognition scores that are greater than the
threshold value among the recognition scores of the heart
calculated for a plurality of ultrasound images is 3, the index
value calculation unit 10 can set the index value of the heart
to 3.

[0082] As described above, the index value calculation
unit 10 can calculate the index values on the basis of the
recognition scores calculated for a plurality of frames of
ultrasound images. However, the index value calculation

Nov. 21,2019

unit 10 may use the recognition scores calculated for one
frame of ultrasound image as the index values. For example,
the index value calculation unit 10 can use the recognition
scores of a plurality of parts of the subject calculated only
for the latest ultrasound image acquired by the image
acquisition unit 3 as the index values of the plurality of parts
of the subject.

[0083] In addition, in a case in which there are the same
index values among the calculated index values of the
plurality of parts of the subject, the index value calculation
unit 10 may calculate the index values again. In this case, the
index value calculation unit 10 can calculate the index
values again, using the recognition scores calculated for an
ultrasound image group that includes the latest ultrasound
image acquired by the image acquisition unit 3 and consists
of ultrasound images whose number is less than the number
of ultrasound images used in a case in which the same index
values have been calculated. It is preferable that the ultra-
sound image group used here is continuously acquired in
time series by the image acquisition unit 3.

[0084] In addition, in a case in which the index values are
calculated again, the index value calculation unit 10 may
calculate the index values, using the recognition scores
calculated for an ultrasound image group consisting of a
plurality of ultrasound images that are acquired by the image
acquisition unit 3 before the latest ultrasound image in time
series and are continuous in time series.

[0085] In the above-described embodiment, in a case in
which no image is included in the acquired ultrasound
image, the probe state detection unit 13 determines that the
ultrasound probe 2 is in the aerial emission state. However,
the probe state detection unit 13 may compare a plurality of
ultrasound images acquired in time series to determine
whether the ultrasound probe 2 is in the aerial emission state.
That is, the probe state detection unit 13 may compare a
plurality of ultrasound images acquired in time series and
may determine that the ultrasound probe 2 is not in contact
with the body surface and is in the aerial emission state in
a case in which there is no change in the images included in
the plurality of ultrasound images between the plurality of
ultrasound images. In addition, in a case in which there is a
change in the images included in the plurality of ultrasound
images acquired in time series between the plurality of
ultrasound images, the probe state detection unit 13 may
determine that a part of the subject is included in the
plurality of ultrasound images and the ultrasound probe 2 is
in contact with the body surface of the subject.

[0086] With this configuration, even in the case in which
ultrasonography gel is attached to the ultrasound probe 2, the
probe state detection unit 13 can compare a plurality of
ultrasound images acquired in time series to determine
whether the ultrasound probe 2 is in the aerial emission state.
[0087] In the flowchart illustrated in FIG. 4, in a case in
which the probe state detection unit 13 detects a change in
the imaging part, the part determination in Step S3 starts.
This means that, in a case in which the probe state detection
unit 13 detects a change in the imaging part, the index value
calculation unit 10 starts to calculate the index value on the
basis of the recognition score calculated for a newly
acquired ultrasound image. As such, it is possible to reduce
the calculation load of the ultrasound diagnostic apparatus 1
by calculating the index value for the ultrasound image only
while the ultrasound probe 2 is in contact with the body
surface of the subject. In addition, in a case in which the
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index value calculation unit 10 calculates the index values,
it is possible to prevent the index value calculation unit 10
from using the recognition scores before the imaging part is
changed.

[0088] In addition, the index value calculation unit 10 may
start the calculation of the index values for a plurality of
parts of the subject after a predetermined period of time has
elapsed since the probe state detection unit 13 has detected
a change in the imaging part. For example, the time until the
index value calculation unit 10 calculates the index values of
the plurality of parts of the subject after the probe state
detection unit 13 detects a change in the imaging part may
be input by the operator through the operation unit 15 or the
like, or may be stored in advance in the storage unit 16.

[0089] The time until the ultrasound probe 2 is brought
into contact with the body surface of the subject to obtain the
ultrasound image of a target imaging part varies depending
on, for example, the skill of the operator. In some cases,
immediately after the imaging part is changed, an ultrasound
image that is sufficiently clear to calculate the recognition
score is not obtained. For this reason, in a case in which the
calculation of the index values of a plurality of parts of the
subject starts after a predetermined period of time has
elapsed since the probe state detection unit 13 has detected
a change in the imaging part, it is possible to calculate the
index values on the basis of a plurality of recognition scores
calculated for the ultrasound image that is sufficiently clear
to calculate the recognition scores. Therefore, it is possible
to improve the accuracy of calculating the index value.

[0090] In addition, in the flowchart illustrated in FIG. 5,
Steps S12 and S13 may be omitted. In this case, if the
determination order in which the imaging part is determined
is decided in Step S11, the process proceeds to Step S14. In
Step S14, the part determination unit 12 compares the
recognition score of the part that ranks first in the determi-
nation order among the recognition scores of the plurality of
parts of the subject calculated in Step S8 for the latest
ultrasound image acquired in Step S7 with the determination
threshold value. At that time, in a case in which the recog-
nition score is equal to or less than the determination
threshold value, the process proceeds to Step S15. Further,
in a case in which it is determined in Step S15 that the
threshold value determination for the recognition scores of
all of the plurality of parts of the subject has not been
performed in Step S14, the process proceeds to Step S16. In
a case in which the determination part is updated in Step
S16, it is determined in Step S14 whether the recognition
score of the part that ranks second in the determination order
is greater than the determination threshold value.

[0091] In the above-described embodiment, the same
determination threshold value is used for all of the parts by
the part determination unit 12 in Step S14. However, the
determination threshold value may be set for each of the
plurality of parts of the subject.

[0092] The above-mentioned ultrasound diagnostic appa-
ratus 1 may be a portable ultrasound diagnostic apparatus
that is small and can be easily carried and used or a
stationary ultrasound diagnostic apparatus that is installed
and used in, for example, a medical examination room.

[0093] In addition, the ultrasound probe 2 is not particu-
larly limited as long as it can transmit and receive ultrasound
beams to and from the subject and may be a sector type, a
convex type, a linear type, or a radial type.
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Embodiment 2

[0094] In the operation of the ultrasound diagnostic appa-
ratus 1 illustrated in the flowchart of FIG. 4, in a case in
which the ultrasound probe 2 is in the aerial emission state
in Step S6, the process returns to Step S1. Then, in Step S3,
the part determination is performed for all of the plurality of
parts of the subject. However, the part of the subject which
has been decided in Step S3 may be excluded. In this case,
it is possible to further reduce the calculation load of the
ultrasound diagnostic apparatus 1 in the part determination.
[0095] FIG. 6 illustrates the operation of an ultrasound
diagnostic apparatus according to Embodiment 2. Since
Steps S1 to S6 in a flowchart illustrated in FIG. 6 are the
same as Steps S1 to S6 in the flowchart illustrated in FIG.
4, the detailed description thereof will not be repeated.
[0096] 1In a case in which the probe state detection unit 13
determines that the ultrasound probe 2 is in the aerial
emission state in Step S6, the process proceeds to Step S18.
In Step S18, the apparatus control unit 14 determines
whether all of a plurality of parts of the subject have been
decided. In a case in which it is determined in Step S18 that
all of the plurality of parts of the subject have not been
decided, the process proceeds to Step S19.

[0097] In Step S19, the apparatus control unit 14 excludes
the part that has been decided in the part determination of
Step S3, that is, the decided part from the determination
target in the next Step S3. In a case in which the process in
Step S19 is completed, the process returns to Step S1. Then,
in a case in which it is determined in Step S2 that the
ultrasound probe 2 is not in the aerial emission state, the part
determination is performed in Step S3. At that time, since the
parts other than the part which has been excluded in Step
S19 among the plurality of parts of the subject are the
determination targets, the number of part candidates to be
determined for the imaging part can be less than that in the
part determination of Step S3 performed for the first time.
[0098] Steps S1 to S19 are repeated in this way to reduce
the number of determination targets. As a result, in a case in
which it is determined in Step S18 that all of the plurality of
parts of the subject have been decided, the operation of the
ultrasound diagnostic apparatus ends.

[0099] As such, Steps S1 to S19 are repeated to reduce the
number of determination targets. Therefore, it is possible to
reduce the calculation load of the ultrasound diagnostic
apparatus in the part determination of Step S3 whenever
Step S19 is performed and to reduce the time required to
determine the imaging part.

Embodiment 3

[0100] In the part determination operation according to
Embodiment 1 illustrated in FIG. 5, in the threshold value
determination of Step S14, the recognition score of one part
of the subject which has been calculated for the ultrasound
image newly acquired in Step S12 by the image recognition
unit 9 is used. However, recognition scores for part deter-
mination which have been calculated on the basis of the
recognition scores calculated for a plurality of ultrasound
images may be used for the threshold value determination.
[0101] FIG. 7 is a flowchart illustrating a part determina-
tion operation of an ultrasound diagnostic apparatus accord-
ing to Embodiment 3. The flowchart illustrated in FIG. 7 is
the same as the flowchart illustrated in FIG. 5 except for
Steps S20 to S22.
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[0102] In the flowchart illustrated in FIG. 7, in a case in
which the part determination operation starts, first, Steps S7
to S9 are repeated until the recognition scores of a plurality
of parts of the subject are calculated for a predetermined
number of frames of ultrasound images. Here, the predeter-
mined number of frames is referred to as a first predeter-
mined number of frames for the purpose of description. In
a case in which it is determined in Step S9 that the
recognition scores of the plurality of parts of the subject are
calculated for the first predetermined number of frames of
ultrasound images, the process proceeds to Step S10. In a
case in which the index values of the plurality of parts of the
subject are calculated from the recognition scores of the
plurality of parts of the subject calculated for the first
predetermined number of frames of ultrasound images in
Step S10, a determination order is decided in Step S11.
[0103] Then, an ultrasound image is newly acquired in
Step S12 and the process proceeds to Step S20. Step S20 is
the same as Step S8 in the flowchart illustrated in FIG. 5. In
a case in which the recognition scores of the plurality of
parts of the subject are calculated for the latest ultrasound
image in Step S20, the process proceeds to Step S21.
[0104] In Step S21, the apparatus control unit 14 deter-
mines whether recognition scores have been calculated for a
second predetermined number of frames of ultrasound
images acquired in Step S12. This is to obtain the number of
recognition scores necessary to calculate the recognition
scores for part determination. Therefore, in a case in which
it is determined in Step S21 that the recognition scores have
not been calculated for the second predetermined number of
frames of ultrasound images, the process returns to Step S12
and an ultrasound image is newly acquired. Then, in Step
S20, the recognition scores of the plurality of parts of the
subject are newly calculated.

[0105] Here, the first predetermined number of frames in
Step S9 and the second predetermined number of frames in
Step S21 may be equal to or different from each other. For
the purpose of description, it is assumed that the first
predetermined number of frames and the second predeter-
mined number of frames are different from each other.
[0106] In a casein which it is determined in Step S21 that
the recognition scores have been calculated for the second
predetermined number of frames of ultrasound images, the
process proceeds to Step S22. In Step S22, the image
recognition unit 9 averages the recognition scores of the
determination part that ranks first in the determination order
which have been calculated for the second predetermined
number of frames of ultrasound images in Step S20. As such,
the image recognition unit 9 calculates the mean value of the
recognition scores of the determination part as the recogni-
tion score for determining the imaging part. In this case, it
is preferable that a plurality of ultrasound images used to
recognize the determination part are continuous in time
series.

[0107] Then, in Step S14, the apparatus control unit 14
determines whether the recognition score for determination
calculated in Step S22 is greater than the determination
threshold value. In a case in which it is determined in Step
S14 that the recognition score for determination is equal to
or less than the determination threshold value, it is difficult
to decide the determination part with respect to the imaging
part and the process proceeds to Step S15. In a case in which
it is determined in Step S15 that the threshold value deter-
mination for the recognition scores of all of the plurality of
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parts of the subject has not been performed in Step S14, the
determination part is updated in Step S16 and the process
returns to Step S22.

[0108] In a case in which the process returns to Step S22,
the recognition score for determination is calculated for the
part that ranks second in the determination order. As such, as
long as the recognition score for determination is equal to or
less than the determination threshold value in Step S14,
Steps S22 to S16 are repeated. In a case in which it is
determined in Step S14 that the recognition score for deter-
mination is greater than the determination threshold value,
the process proceeds to Step S17 and the imaging part is
decided. Then, the part determination operation illustrated in
the flowchart of FIG. 7 ends.

[0109] As such, since the recognition score for part deter-
mination is calculated from the recognition scores calculated
for a plurality of ultrasound images, it is possible to improve
the accuracy of determining the imaging part. For example,
even in a case in which a part of the subject included in some
of the ultrasound images acquired in Step S12 is not suffi-
ciently clear as the image recognition target, the accuracy of
deciding the imaging part is improved.

[0110] In the above description, in a case in which the
recognition score for determining the imaging part is cal-
culated in Step S22, the recognition scores for the second
predetermined number of frames of ultrasound images
acquired in Step S12 are used. However, the recognition
score for determining the imaging part may be calculated in
Step S22 on the basis of both the recognition scores calcu-
lated in Step S20 and the recognition scores for the first
predetermined number of frames of ultrasound images. That
is, the second predetermined number of frames may be the
sum of the first predetermined number of frames and the
number of frames of ultrasound images acquired in Step
S12.

[0111] At that time, in a case in which the second prede-
termined number of frames is equal to or less than the first
predetermined number of frames, that is, in a case in which
the number of recognition scores of a plurality of parts of the
subject required to calculate the recognition score for deter-
mining the imaging part in Step S22 is equal to or less than
the number of recognition scores required to calculate the
index values in Step S10, Step S12, Step S20, and Step S21
can be omitted. Therefore, it is possible to further reduce the
time required to determine the imaging part.

Embodiment 4

[0112] In the part determination operations according to
Embodiments 1 and 3 illustrated in FIGS. 5 and 7, the
determination order in which the threshold value determi-
nation is performed for the recognition score of each part of
the subject is decided on the basis of the index values of a
plurality of parts of the subject. However, at that time, the
parts to be determined with respect to the imaging part may
be narrowed down.

[0113] FIG. 8 illustrates the configuration of an ultrasound
diagnostic apparatus 21 according to Embodiment 4. The
ultrasound diagnostic apparatus 21 according to Embodi-
ment 4 is the same as the ultrasound diagnostic apparatus 1
according to Embodiment 1 illustrated in FIG. 1 except that
it includes a part narrowing-down unit 22. Therefore, com-
ponents other than the part narrowing-down unit 22 are
denoted by the same reference numerals and the detailed
description thereof will not be repeated.
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[0114] In the ultrasound diagnostic apparatus 21 according
to Embodiment 4, the part narrowing-down unit 22 is
connected to the index value calculation unit 10. The part
narrowing-down unit 22 is connected to the order decision
unit 11. In addition, the apparatus control unit 14 is con-
nected to the part narrowing-down unit 22.

[0115] The part narrowing-down unit 22 narrows down the
parts to be determined with respect to the imaging part
whose image is currently captured among a plurality of parts
of the subject on the basis of the index values of the plurality
of parts of the subject calculated by the index value calcu-
lation unit 10. At that time, the part narrowing-down unit 22
narrows down only the parts whose index values are greater
than a predetermined value among the plurality of parts of
the subject to the determination parts.

[0116] FIG. 9 is a flowchart illustrating a part determina-
tion operation of the ultrasound diagnostic apparatus 21
according to Embodiment 4. The flowchart illustrated in
FIG. 9 is the same as the flowchart illustrated in FIG. 5
except that Step S23 substitutes Step S11 in the flowchart
according to Embodiment 1 illustrated in FIG. 5. Therefore,
the detailed description of the same steps as those in the
flowchart of FIG. 5 will not be repeated.

[0117] In acase in which the part determination operation
of the ultrasound diagnostic apparatus 21 according to
Embodiment 4 starts, the recognition scores of a plurality of
parts of the subject are calculated for a predetermined
number of frames of ultrasound images in Steps S7 to S9.
Then, in Step S10, index values are calculated on the basis
of the recognition scores.

[0118] Then, in Step S23, first, the part narrowing-down
unit 22 narrows down the parts to be determined with respect
to the imaging part whose image is currently captured on the
basis of the index values of the plurality of parts of the
subject calculated in Step S10. That is, the part narrowing-
down unit 22 narrows down only the parts whose index
values calculated in Step S10 are greater than a predeter-
mined value among the plurality of parts of the subject to the
determination parts. Then, the order decision unit 11 decides
the determination order of a plurality of parts narrowed
down by the part narrowing-down unit 22 such that the part
with a larger index value ranks higher.

[0119] Then, in Steps S12 and S13, an ultrasound image is
newly acquired and only the recognition score of a part that
ranks first in the determination order is calculated. Then, in
Steps S14 to S16, it is determined whether the recognition
score is greater than the determination threshold value and
the determination part is updated. In Step S16, the determi-
nation part is continuously updated. As a result, in a case in
which it is determined in Step S15 that the threshold value
determination for the recognition scores of all of the plu-
rality of parts narrowed down in Step S23 has been com-
pleted in Step S14, it is determined that it is difficult to
decide the part included in the ultrasound image acquired in
Step S12 to be any of the plurality of parts of the subject and
the process returns to Step S8. Then, the part determination
operation starts again.

[0120] In acasein which it is determined in Step S14 that
the recognition score of the part calculated in Step S13 is
greater than the threshold value, the process proceeds to Step
S17. In a case in which the part to be determined with
respect to the imaging part whose image is currently cap-
tured is decided in Step S17, the part determination opera-
tion ends.
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[0121] As described above, in the part determination
operation according to Embodiment 4, after the parts to be
determined with respect to the imaging part whose image is
currently captured are narrowed down, the determination
order is decided. Therefore, the calculation load of the
ultrasound diagnostic apparatus 21 for deciding the deter-
mination order is reduced. In addition, since the number of
determination parts is narrowed down in Step S20, it is
possible to reduce the number of times the determination
part is updated in Step S16 in a case in which Steps S13 to
S16 are repeated. Therefore, according to the ultrasound
diagnostic apparatus 21 of Embodiment 4, it is possible to
reduce the calculation load of the ultrasound diagnostic
apparatus 21 and to reduce the time required to determine
the imaging part.

[0122] Theultrasound diagnostic apparatuses according to
the embodiments of the invention have been described in
detail above. However, the invention is not limited to the
above-mentioned examples and various modifications and
changes of the invention may be made without departing
from the scope and spirit of the invention. In addition, a
plurality of embodiments described above may be appropri-
ately combined with each other.

EXPLANATION OF REFERENCES

[0123] 1. 21: ultrasound diagnostic apparatus
[0124] 2: ultrasound probe

[0125] 2A: transducer array

[0126] 3: image acquisition unit

[0127] 4: receiving unit

4
[0128] 5: transmitting umit
[0129] 6: image generation unit
[0130] 7: display control unit
[0131] 8: display unit
[0132] 9: image recognition unit
[0133] 10: index value calculation unit
[0134] 11: order decision unit
[0135] 12: part determination unit
[0136] 13: probe state detection unit
[0137] 14: apparatus control unit
[0138] 15: operation unit
[0139] 16: storage unit
[0140] 17: amplification unit
[0141] 18: A/D conversion unit
[0142] 19: B-mode processing unit
[0143] 20: image processing unit
[0144] 22: part narrowing-down unit
What is claimed is:
1. An ultrasound diagnostic apparatus comprising:
an ultrasound probe;
a transmission circuit configured to transmit an ultrasound
beam from the ultrasound probe to a subject;
areception circuit configured to receive ultrasound echoes
from the subject by the ultrasound probe to generate
element data; and
a processor configured to generate an ultrasound image on
the basis of the element data generated by the reception
circuit, perform image recognition for the ultrasound
image generated to calculate recognition scores of a
plurality of parts of the subject, calculate index values
of the plurality of parts on the basis of the recognition
scores of the plurality of parts calculated for a prede-
termined number of ultrasound images, decide a deter-
mination order in which part determination is per-
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formed for the plurality of parts on the basis of the
index values, and determine an imaging part of the
subject on the basis of the recognition scores according
to the determination order.
2. The ultrasound diagnostic apparatus according to claim
15
wherein the processor uses, as the index values of the
plurality of parts, recognition scores of the plurality of
parts calculated for a latest ultrasound image acquired.
3. The ultrasound diagnostic apparatus according to claim
1,
wherein the processor calculates the index values of the
plurality of parts on the basis of recognition scores of
the plurality of parts calculated for each of a plurality
of ultrasound images which are continuously acquired
in time series and include a latest ultrasound image
acquired.
4. The ultrasound diagnostic apparatus according to claim
3,
wherein the processor uses mean values or medians of the
recognition scores of the plurality of parts calculated
for the plurality of ultrasound images as the index
values of the plurality of parts.
5. The ultrasound diagnostic apparatus according to claim
37
wherein the processor uses maximum values or minimum
values of the recognition scores of the plurality of parts
calculated for the plurality of ultrasound images as the
index values of the plurality of parts.
6. The ultrasound diagnostic apparatus according to claim
35
wherein the processor calculates weighted mean values of
the recognition scores of the plurality of parts by giving
a larger weight to an ultrasound image more recently
acquired among the plurality of ultrasound images and
uses the weighted mean values as the index values of
the plurality of parts.
7. The ultrasound diagnostic apparatus according to claim
35
wherein the processor gives ranking scores to the plurality
of parts for each of the plurality of ultrasound images
such that the part with a higher recognition score has a
higher ranking score and uses sums of the ranking
scores of the plurality of parts for the plurality of
ultrasound images as the index values of the plurality of
parts.
8. The ultrasound diagnostic apparatus according to claim
35
wherein the processor has a threshold value of the rec-
ognition score and uses the number of recognition
scores greater than the threshold value among the
recognition scores of the plurality of parts calculated
for the plurality of ultrasound images as the index value
of each of the plurality of parts.
9. The ultrasound diagnostic apparatus according to claim
33
wherein, in a case in which there are the same index
values among the calculated index values of the plu-
rality of parts, the processor calculates the index values
again, using an ultrasound image group which includes
the latest ultrasound image and consists of ultrasound
images which are continuous in time series and whose
number is less than the number of the ultrasound
images used to calculate the index values.
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10. The ultrasound diagnostic apparatus according to
claim 4,
wherein, in a case in which there are the same index
values among the calculated index values of the plu-
rality of parts, the processor calculates the index values
again, using an ultrasound image group which includes
the latest ultrasound image and consists of ultrasound
images which are continuous in time series and whose
number is less than the number of the ultrasound
images used to calculate the index values.
11. The ultrasound diagnostic apparatus according to
claim 5,
wherein, in a case in which there are the same index
values among the calculated index values of the plu-
rality of parts, the processor calculates the index values
again, using an ultrasound image group which includes
the latest ultrasound image and consists of ultrasound
images which are continuous in time series and whose
number is less than the number of the ultrasound
images used to calculate the index values.
12. The ultrasound diagnostic apparatus according to
claim 6,
wherein, in a case in which there are the same index
values among the calculated index values of the plu-
rality of parts, the processor calculates the index values
again, using an ultrasound image group which includes
the latest ultrasound image and consists of ultrasound
images which are continuous in time series and whose
number is less than the number of the ultrasound
images used to calculate the index values.
13. The ultrasound diagnostic apparatus according to
claim 3,
wherein, in a case in which there are the same index
values among the calculated index values of the plu-
rality of parts, the processor calculates the index values
again, using an ultrasound image group consisting of a
plurality of ultrasound images which are continuous in
time series and are acquired before the latest ultrasound
image in time series.
14. The ultrasound diagnostic apparatus according to
claim 4,
wherein, in a case in which there are the same index
values among the calculated index values of the plu-
rality of parts, the processor calculates the index values
again, using an ultrasound image group consisting of a
plurality of ultrasound images which are continuous in
time series and are acquired before the latest ultrasound
image in time series.
15. The ultrasound diagnostic apparatus according to
claim 5,
wherein, in a case in which there are the same index
values among the calculated index values of the plu-
rality of parts, the processor calculates the index values
again, using an ultrasound image group consisting of a
plurality of ultrasound images which are continuous in
time series and are acquired before the latest ultrasound
image in time series.
16. The ultrasound diagnostic apparatus according to
claim 6,
wherein, in a case in which there are the same index
values among the calculated index values of the plu-
rality of parts, the processor calculates the index values
again, using an ultrasound image group consisting of a
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plurality of ultrasound images which are continuous in
time series and are acquited before the latest ultrasound
image in time series.
17. The ultrasound diagnostic apparatus according to
claim 1,
wherein the processor detects a change in the imaging part
caused by movement of the ultrasound probe and starts
to calculate the index value after detecting the change
in the imaging part.
18. The ultrasound diagnostic apparatus according to
claim 1,
wherein the processor decides the determination order
such that the part with a larger index value ranks higher.
19. A method for controlling an ultrasound diagnostic
apparatus, the method comprising:
transmitting an ultrasound beam from an ultrasound probe
to a subject to generate an ultrasound image;
performing image recognition for the ultrasound image to
calculate recognition scores of a plurality of parts of the
subject;
calculating index values of the plurality of parts on the
basis of the recognition scores of the plurality of parts
calculated for a predetermined number of ultrasound
images;
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deciding a determination order in which part determina-
tion is performed for the plurality of parts on the basis
of the index values; and

determining an imaging part of the subject on the basis of
the recognition scores calculated according to the deter-
mination order.

20. A readable recording medium recording a program for
controlling an ultrasound diagnostic apparatus, the program
causing a processor to perform:

a step of transmitting an ultrasound beam from an ultra-
sound probe to a subject to generate an ultrasound
image;

a step of performing image recognition for the ultrasound
image to calculate recognition scores of a plurality of
parts of the subject;

a step of calculating index values of the plurality of parts
on the basis of the recognition scores of the plurality of
parts calculated for a predetermined number of ultra-
sound images;

a step of deciding a determination order in which part
determination is performed for the plurality of parts on
the basis of the index values; and

a step of determining an imaging part of the subject on the
basis of the recognition scores calculated according to
the determination order.

* ok %k
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