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ULTRASOUND DIAGNOSTIC APPARATUS
AND CONTROL METHOD OF ULTRASOUND
DIAGNOSTIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2017/015464 filed on Apr. 17,
2017, which claims priority under 35 U.S.C. § 119(a) to
Japanese Patent Application No. 2016-187003 filed on Sep.
26, 2016. 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 and a control method of the ultrasound
diagnostic apparatus, and more particularly, to an ultrasound
diagnostic apparatus that discriminates an inspection portion
that is currently being imaged.

2. Description of the Related Art

[0003] In the related art, an ultrasound diagnostic appara-
tus that uses an ultrasound image has been put to practical
use in a medical field. Generally, such an ultrasound diag-
nostic apparatus operates an ultrasound beam into a subject
from an ultrasound probe in which an array transducer is
provided, receives an ultrasound echo from the subject using
the ultrasound probe to output a reception signal, and
electrically processes the reception signal to generate an
ultrasound image.

[0004] In acase where a plurality of inspection portions of
the subject are diagnosed using such an vltrasound image, in
order to obtain ultrasound images suitable for diagnosis with
respect to the respective inspection portions, it is necessary
to set different appropriate imaging conditions in accordance
with the inspection portions. In this regard, for example,
JP-H4-224738A (JP1992-224738A) discloses an ultrasound
diagnostic apparatus that automatically discriminates an
inspection portion from a generated ultrasound image
through a pattern matching process and sets imaging con-
ditions suitable for the inspection portion on the basis of the
discrimination result.

SUMMARY OF THE INVENTION

[0005] However, since an ultrasound image is changed
due to various causes such as a difference between shapes of
inspection portions and a difference between dynamic
ranges or brightnesses due to a difference between passage
easinesses of ultrasound for the inspection portions, there is
a concern that the inspection portions may be mistakenly
discriminated only using the discrimination of the inspection
portions based on the ultrasound image. In this case, there is
a concern that inappropriate imaging conditions may be set
on the basis of the mistaken discrimination result and an
ultrasound image with a low image quality may be generated
to cause an error in diagnosis.

[0006] The invention has been made in consideration of
the problems in the related art, and an object of the invention
is to provide an ultrasound diagnostic apparatus and a
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control method of the ultrasound diagnostic apparatus
capable of accurately discriminating an inspection portion.
[0007] According to an aspect of the invention, there is
provided an ultrasound diagnostic apparatus comprising: an
ultrasound probe; an imaging section that performs trans-
mission and reception of an ultrasound beam between a
subject and the ultrasound probe and images the subject on
the basis of a reception signal output from the ultrasound
probe to generate an ultrasound image; an image analysis
section that performs image analysis using the ultrasound
image generated by the imaging section; a movement detec-
tion sensor that is attached to the ultrasound probe and
detects a movement of the ultrasound probe to output the
movement as a detection signal; a movement amount cal-
culation section that calculates a movement amount of the
ultrasound probe in a case where an imaging inspection
portion that is currently being imaged among a plurality of
inspection portions of the subject is inspected, using the
detection signal output from the movement detection sensor;
and a portion discrimination section that discriminates the
imaging inspection portion on the basis of an image analysis
result in the image analysis section and the movement
amount calculated by the movement amount calculation
section.

[0008] The portion discrimination section may integrate
the image analysis result in the image analysis section and
the movement amount calculated by the movement amount
calculation section to discriminate the imaging inspection
portion.

[0009] Further, it is preferable that the image analysis
section performs the image analysis using the ultra-
sound image to calculate a feature amount of the
ultrasound image, and the portion discrimination sec-
tion integrates the feature amount calculated by the
image analysis section and the movement amount cal-
culated by the movement amount calculation section to
discriminate the imaging inspection portion.

[0010] Further, the portion discrimination section may
narrow down the plurality of inspection portions that are
targets of the image analysis, on the basis of the movement
amount calculated by the movement amount calculation
section, the image analysis section may perform the image
analysis with respect to the inspection portions narrowed
down by the portion discrimination section, and the portion
discrimination section may discriminate the imaging inspec-
tion portion using the image analysis result in the image
analysis section.

[0011] Alternatively, the portion discrimination section
may determine an analysis order for performing the
image analysis with respect to the plurality of inspec-
tion portions, on the basis of the movement amount
calculated by the movement amount calculation sec-
tion, the image analysis section may sequentially per-
form the image analysis with respect to the plurality of
inspection portions in accordance with the analysis
order determined by the portion discrimination section,
and the portion discrimination section may discrimi-
nate the imaging inspection portion using the image
analysis result in the image analysis section.

[0012] Itis preferable that the ultrasound diagnostic appa-
ratus further comprises: a movement amount reference value
memory in which a plurality of movement amount reference
values corresponding to the plurality of inspection portions
of the subject and relating to the movement amount are
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stored in advance. Further, it is preferable that the portion
discrimination section reads out the plurality of movement
amount reference values from the movement amount refer-
ence value memory, compares each of the plurality of
read-out movement amount reference values with the move-
ment amount calculated by the movement amount calcula-
tion section, and discriminates the imaging inspection por-
tion on the basis of the comparison result and the image
analysis result in the image analysis section.

[0013] Tt is preferable that the ultrasound diagnostic
apparatus further comprises: a probe operating infor-
mation memory in which information relating to an
operation of the ultrasound probe is stored in advance
for each inspector or each subject. Further, it is pref-
erable that the portion discrimination section reads out
the information relating to the operation of the ultra-
sound probe from the probe operating information
memory, corrects the plurality of movement amount
reference values on the basis of the read-out informa-
tion, compares each of the plurality of corrected move-
ment amount reference values with the movement
amount calculated by the movement amount calcula-
tion section, and discriminates the imaging inspection
portion on the basis of the comparison result and the
image analysis result in the image analysis section.

[0014] The ultrasound diagnostic apparatus may further
comprise: an imaging condition setting section that sets an
imaging condition corresponding to the imaging inspection
portion discriminated by the portion discrimination section,
and the imaging section may generate the ultrasound image
in accordance with the imaging condition set by the imaging
condition setting section.

[0015] It is preferable that the movement detection
sensor is formed by an acceleration sensor, a gyro
sensor, a magnetic sensor, or a GPS sensor.

[0016] According to another aspect of the invention, there
is provided a control method of an ultrasound diagnostic
apparatus comprising: performing transmission and recep-
tion of an ultrasound beam between a subject and an
ultrasound probe and imaging the subject on the basis of a
reception signal output from the ultrasound probe to gener-
ate an ultrasound image; performing image analysis using
the generated ultrasound image; detecting a movement of
the ultrasound probe to output the movement as a detection
signal; calculating a movement amount of the ultrasound
probe in a case where an imaging inspection portion that is
currently being imaged among a plurality of inspection
portions of the subject is inspected, using the output detec-
tion signal; and discriminating the imaging inspection por-
tion on the basis of an image analysis result and the
calculated movement amount.

[0017] According to the invention, since the ultrasound
diagnostic apparatus comprises an ultrasound probe; an
imaging section that performs transmission and reception of
an ultrasound beam between a subject and the ultrasound
probe and images the subject on the basis of a reception
signal output from the ultrasound probe to generate an
ultrasound image; an image analysis section that performs
image analysis using the ultrasound image generated by the
imaging section; a movement detection sensor that is
attached to the ultrasound probe and detects a movement of
the ultrasound probe to output the movement as a detection
signal; a movement amount calculation section that calcu-
lates a movement amount of the ultrasound probe in a case
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where an imaging inspection portion that is currently being
imaged among a plurality of inspection portions of the
subject is inspected, using the detection signal output from
the movement detection sensor; and a portion discrimination
section that discriminates the imaging inspection portion on
the basis of an image analysis result in the image analysis
section and the movement amount calculated by the move-
ment amount calculation section, it is possible to accurately
discriminate an inspection portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a diagram showing a configuration of
ultrasound diagnostic apparatus according to Embodiment 1
of the invention.

[0019] FIG. 2 is a diagram showing a configuration of a
reception section.

[0020] FIG. 3 is a diagram showing a configuration of an
image processing section.

[0021] FIG. 4 is a diagram showing an ultrasound probe.
[0022] FIG. 5 is a flowchart showing an operation of
Embodiment 1.

[0023] FIG. 6 is a diagram showing an example of an

ultrasound image of the lungs.

[0024] FIG. 7 is a diagram showing an example of an
ultrasound image of the abdomen.

[0025] FIG. 8 is a diagram showing an example of an
ultrasound image of the heart.

[0026] FIG. 9 is a diagram showing an example of an
ultrasound image of the right abdomen.

[0027] FIG. 10 is a diagram showing an example of
distribution of feature amounts.

[0028] FIG. 11 is a diagram showing a configuration of
ultrasound diagnosis apparatus according to Embodiment 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0029] Hereinafter, embodiments of the invention will be
described on the basis of the accompanying drawings.

Embodiment 1

[0030] FIG. 1 shows a configuration of an ultrasound
diagnostic apparatus according to Embodiment 1. The
ultrasound diagnostic apparatus comprises an ultra-
sound probe 1 in which an array transducer 1A is
provided, an image generation section 3 that is con-
nected to the ultrasound probe 1 through a transmis-
sion/reception section 2, and a display section 5 that is
connected to the image generation section 3 through a
display controller 4.

[0031] The transmission/reception section 2 includes a
reception section 6 and a transmission section 7 that are
connected to the array transducer 1A, and a transmission/
reception controller 8 that is connected to the reception
section 6 and the transmission section 7. The image genera-
tion section 3 includes an image processing section 9 and a
digital scan converter (DSC) 10 that is connected to the
image processing section 9. The display controller 4 is
connected to the DSC 10. Further, an image analysis section
11 is connected to the DSC 10, and a portion discrimination
section 12 is connected to the image analysis section 11.

[0032] An imaging condition setting section 13 is con-
nected to the transmission/reception controller 8 of the
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transmission/reception section 2, and the image pro-
cessing section 9 and the DSC 10 of the image gen-
eration section 3.

[0033] A movement detection sensor 14 is attached to the
ultrasound probe 1, and a movement amount calculation
section 15 is connected to the movement detection sensor
14. Further, the portion discrimination section 12 is also
connected to the movement amount calculation section 15.

[0034] An apparatus controller 16 is connected to the
display controller 4, the image analysis section 11, the
portion discrimination section 12, the imaging condi-
tion setting section 13, and the movement amount
calculation section 15. Further, an operation section 17,
a storage section 18, and a movement amount reference
value memory 19 are respectively connected to the
apparatus controller 16.

[0035] The array transducer 1A of the ultrasound probe 1
includes a plurality of ultrasound transducers that are
arranged in one dimension or two dimensions. Each of the
ultrasound transducers transmits ultrasound in accordance
with a drive signal supplied from the transmission section 7,
and receives an ultrasound echo from a subject to output a
reception signal. Each ultrasound transducer is formed using
a vibrator in which electrodes are formed on opposite ends
of a piezoelectric body formed of piezoelectric ceramics
represented as lead zirconate titanate (PZT), a high polymer
piezoelectric element represented as polyvinylidene fluoride
(PVDF), piezoelectric crystals represented as magnesium
niobate-lead titanate solute (PMN-PT), or the like.

[0036] In a case where a pulse-shaped voltage or a con-
tinuous wave voltage is applied to the electrodes of the
vibrator, the piezoelectric body expands and contracts, a
pulse-shaped ultrasound or a continuous wave ultrasound is
generated from each vibrator, and an ultrasound beam is
formed by synthesis of the ultrasounds. Further, each vibra-
tor receives a propagating ultrasound to stretch and com-
presses to generate an electric signal, and the electric signal
is output as an ultrasound reception signal.

[0037] The transmission/reception section 2 performs
transmission and reception of an ultrasound beam in accor-
dance with a set ultrasound beam scanning condition, and
the image generation section 3 generates an ultrasound
image signal in accordance with the set ultrasound image
generation condition. The transmission/reception section 2
and the image generation section 3 form an imaging section.

[0038] The reception section 6 of the transmission/
reception section 2 has a configuration in which an
amplification section 20 and an analogue/digital (A/D)
conversion section 21 are sequentially connected in
series, as shown in FIG. 2. The reception section 6
amplifies a reception signal transmitted from each
ultrasound transducer of the array transducer 1A using
the amplification section 20, and performs A/D con-
version with respect to the amplified signal using the
A/D conversion section 21 to generate digital reception
data.

[0039] The transmission/reception controller 8 controls
the reception section 6 and the transmission section 7
so that transmission of ultrasound pulses to a subject
and reception of ultrasound echoes from the subject are
repeated at a pulse repetition frequency (PRF) interval,
on the basis of various control signals transmitted from
the apparatus controller 16.
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[0040] The image processing section 9 of the image gen-
eration section 3 has a configuration in which a beam former
22 and a signal processing section 23 are sequentially
connected in series, as shown in FIG. 3. The beam former 22
assigns a delay to each piece of reception data output from
the reception section 6 of the transmission/reception section
2 in accordance with sound velocities set on the basis of a
reception delay pattern selected in accordance with control
signals from the imaging condition setting section 13 or a
distribution of the sound velocities and adds up the results to
perform a reception focus process. Through the reception
focus process, a sound ray signal in which focuses of
ultrasound echoes after phasing addition are narrowed down
is generated.

[0041] The signal processing section 23 corrects attenua-
tion due to a distance in accordance with a depth of a
reflecting position of ultrasound with respect to a sound ray
signal generated by the beam former 22, and then, performs
an envelope detection process and performs a variety of
necessary image processing such as a gradation process, to
thereby generate an ultrasound image signal that is tomo-
graphic image information of a tissue in a subject.

[0042] As the ultrasound image, for example, a bright-
ness mode (B mode) image, a motion mode (M mode)
image, a color Doppler imaging, or the like may be
used. Further, a sound velocity map indicating a dis-
tribution of sound velocities, or an elasticity map
indicating a distribution of elasticities indicating
smoothness or the like of a tissue in a subject may be
used as the ultrasound image.

[0043] The DSC 10 of the image generation section 3
converts an ultrasound image signal generated by the signal
processing section 23 of the image processing section 9 into
an image signal based on a scanning method of a general
television signal (raster conversion).

[0044] The display section 5 includes a display device
such as a liquid crystal display (LCD), for example, and
displays an ultrasound image under the control of the
display controller 4.

[0045] The image analysis section 11 performs image
analysis using an ultrasound image from the DSC 10. For
example, a feature amount such as a brightness or an edge
of the ultrasound image is calculated. Further, in a case
where a B mode image signal or an M mode image signal is
used, the image analysis may be performed on the basis of
a known pattern recognition method such as machine learn-
ing, template matching, or texture analysis. In addition, in a
case where a color Doppler image signal, a sound velocity
map or an elasticity map is used, the image analysis may be
performed on the basis of a known method such as color
information analysis.

[0046] The movement detection sensor 14 is attached to
the ultrasound probe 1, and detects a movement of the
ultrasound probe 1 in a case where the ultrasound probe 1 is
operated by an operator and outputs the movement of the
ultrasound probe 1 to the movement amount calculation
section 15 as a detection signal. The movement detection
sensor 14 is not particularly limited as long as it is possible
to detect the movement or position of the ultrasound probe
1, and for example, may be formed by an acceleration
sensor, a gyro sensor, a magnetic sensor, a GPS sensor, or
other sensors capable of detecting a movement. Further, in
order to more accurately detect the movement of the ultra-
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sound probe 1, plural sensors among the above-mentioned
sensors may be used in combination.
[0047] The movement amount calculation section 15 cal-
culates movement amounts of the ultrasound probe 1 in a
case where an imaging inspection portion that is currently
being imaged is inspected using a detection signal from the
movement detection sensor 14 for each frame, and outputs
the result to the portion discrimination section 12. Specifi-
cally, the movement amount calculation section 15 calcu-
lates movement amounts of the ultrasound probe 1 shown in
FIG. 4 in each direction. Here, for ease of description, an
axis that extends along a direction in which ultrasound is
output from the ultrasound probe 1 shown in FIG. 4 is
referred to as a Z axis, an axis that crosses the 7 axis is
referred to as an X axis, and an axis that crosses the 7 axis
and the X axis is referred to as a Y axis. Further, a rotation
direction (pitch) centering around the X axis is referred to as
a pitch direction PT, a rotation direction (roll) centering
around the Y axis is referred to as a roll direction RO, and
a rotation direction (yaw) centering around the 7 axis is
referred to as a yaw direction YW. That is, the movement
amount calculation section 15 calculates a movement
amount in a direction along the X axis, a movement amount
in a direction along the Y axis, a movement amount in a
direction along the 7 axis, a movement amount in the roll
direction RO, a movement amount in the pitch direction PT,
and a movement amount in the yaw direction YW, with
respect to the ultrasound probe 1 in a case where the imaging
inspection portion that is currently being imaged is
inspected.
[0048] The movement amount reference value memory 19
stores a plurality of movement amount reference values
relating to movement amounts for each inspection portion of
the ultrasound probe 1 in advance, in which the plurality of
movement amount reference values correspond to a plurality
of inspection portions of a subject. For example, generally,
in inspection of the lungs, the ultrasound probe 1 is not
nearly moved, and in inspection of the abdomen, the ultra-
sound probe 1 is greatly moved to observe a wide range. In
this way, since the movement of the ultrasound probe 1 is
changed for each inspection portion, movement amounts of
the ultrasound probe 1 in inspection of each inspection
portion may be predicted to be set as the movement amount
reference values. Further, by comparing the reference values
with the movement amounts of the ultrasound probe 1, it is
possible to determine which inspection portion is in inspec-
tion corresponding to the movement amounts.
[0049] As inspection portions of the subject, for example,
in the case of extended focused assessment with sonography
for trauma (eFAST) inspection, the lungs, the heart, the
abdomen, the bladder, and the like may be considered.
Portions other than the plurality of inspection portions may
be added. Here, among the plurality of inspection portions of
the subject, an inspection portion that is currently being
imaged is determined as an imaging inspection portion.
[0050] The portion discrimination section 12 discrimi-
nates an imaging inspection portion that is currently being
imaged on the basis of an image analysis result in the image
analysis section 11 and movement amounts of the ultrasound
probe 1 calculated by the movement amount calculation
section 15, and outputs the portion discrimination result to
the apparatus controller 16.

[0051] Specifically, the portion discrimination section

12 reads out a plurality of movement amount reference
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values from the movement amount reference value
memory 19, and compares each of the plurality of
read-out movement amount reference values with each
movement amount of the ultrasound probe 1 calculated
by the movement amount calculation section 15. Fur-
ther, the portion discrimination section 12 combines the
comparison result and the image analysis result in the
image analysis section 11 to discriminate the imaging
inspection portion that is currently being imaged. In
order to perform the portion discrimination, for
example, a support vector machine (SVM) algorithm, a
decision tree algorithm, or other known discrimination
algorithms may be used.

[0052] In this way, the portion discrimination section 12
may integrate the image analysis result and the move-
ment amount of the ultrasound probe 1 to perform the
portion discrimination.

[0053] The apparatus controller 16 outputs the portion
discrimination result output from the portion discrimination
section 12 to the imaging condition setting section 13.

[0054] Further, the apparatus controller 16 controls the
display controller 4, the image analysis section 11, the
portion discrimination section 12, the imaging condi-
tion setting section 13, and the movement amount
calculation section 15 on the basis of commands input
through the operation section 17 from the operator.

[0055] The imaging condition setting section 13 sets
imaging conditions suitable for a discriminated imaging
inspection portion with respect to the imaging section
formed by the transmission/reception section 2 and the
image generation section 3, on the basis of the portion
discrimination result input from the apparatus controller 16.
The imaging conditions include an ultrasound beam scan-
ning condition for the transmission/reception section 2 and
an ultrasound image generation condition for the image
generation section 3.

[0056] Among the imaging conditions, as the ultra-
sound beam scanning condition for the transmission/
reception section 2, a transmission frequency of an
ultrasound beam, a focal position, a display depth, or
the like may be used, and as the ultrasound image
generation condition for the image generation section
3, a sound velocity, a wave detection condition, a gain,
a dynamic range, a gradation curve, a speckle suppres-
sion strength, an edge emphasis degree, or the like may
be used.

[0057] The operation section 17 is a unit through which an
operator performs an input operation, and may be formed by
a keyboard, a mouse, a trackball, a touch panel, or the like.

[0058] The storage section 18 stores an operation pro-
gram or the like, and may be configured using a
recording medium such as a hard disk, a flexible disc,
a magneto-optical disc (MO), a magnetic tape (MT), a
random access memory (RAM), a compact disc read
only memory (CD-ROM), a digital versatile disc read
only memory (DVD-ROM), a secure digital card (SD
card), a compact flash card (CF card), a universal serial
bus memory (USB memory), or a server.

[0059] The transmission/reception controller 8 of the
transmission/reception section 2, the image generation sec-
tion 3, the display controller 4, the image analysis section 11,
the portion discrimination section 12, the imaging condition
setting section 13, the movement amount calculation section
15, and the apparatus controller 16 are configured by a
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processor including a central processing unit (CPU) and an
operation program for causing the CPU to execute various
processes, and may be configured by a digital circuit.
Further, a configuration in which the transmission/reception
controller 8 of the transmission/reception section 2, the
image generation section 3, the display controller 4, the
image analysis section 11, the portion discrimination section
12, the imaging condition setting section 13, the movement
amount calculation section 15, and the apparatus controller
16 are partially or generally integrated into one CPU may be
employed.

[0060] Next, an operation of Embodiment 1 will be
described with reference to a flowchart of FIG. 5.

[0061] First, in step S1, transmission and reception and
scanning of an ultrasound beam using the plurality of
ultrasound transducers of the array transducer 1A of the
ultrasound probe 1 are performed by the transmission/
reception section 2, a reception signal is output to the
reception section 6 from each ultrasound transducer
that receives an ultrasound echo from a subject, and is
amplified and A/D converted in the reception section 6
to generate reception data.

[0062] Then, in step S2, the reception data is input to the
image generation section 3, and is subjected to a
reception focus process in the image processing section
9. Then, the data is subjected to image conversion in the
DSC 10 to generate an ultrasound image signal. The
ultrasound image signal is output to the display con-
troller 4 from the image generation section 3, so that an
ultrasound image is displayed on the display section 5.
Further, the ultrasound image signal is also output to
the image analysis section 11.

[0063] In step S3, it is determined whether an imaging
inspection portion of the ultrasound image signal is changed,
by the image analysis section 11. For example, in a case
where the imaging inspection portion that is currently being
imaged is changed to the heart from the lungs, it is deter-
mined that the imaging inspection portion is changed. Spe-
cifically, generally, since in a case where the imaging
inspection portion is changed, the ultrasound probe 1 is
separated from the front surface of the body and performs
radiation in the air, by detecting such a radiation state in the
air (a state where a reflection signal is not obtained), it is
possible to determine the change of the imaging inspection
portion. Alternatively, in step S3, in a case where it is
determined that the radiation state in the air first shifts to a
contact state with respect to a subject, in order to generate
an ultrasound image in the imaging inspection portion, the
procedure proceeds to step S4.

[0064] Through step S4 and S5, the ultrasound image is
generated. In step S6, a movement of the ultrasound
probe 1 is detected in a case where the imaging
inspection portion is inspected by the operator using the
movement detection sensor 14 attached to the ultra-
sound probe 1, and the result is output to the movement
amount calculation section 15 as a detection signal. For
example, in a case where an acceleration sensor is
attached to the ultrasound probe 1 as the movement
detection sensor 14, an acceleration is output to the
movement amount calculation section 15 as the detec-
tion signal.

[0065] Further, in step S7, it is determined whether the
number of frames F of ultrasound images generated
through steps S4 and S5 is equal to or greater than a
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predetermined number of frames Fs. Until the number

of frames F is equal to or greater than the predeter-

mined number of frames Fs, steps S4 to S7 are

repeated, and thus, ultrasound images are generated,

and movements of the ultrasound probe 1 are detected.
[0066] In step S7,in a case where it is determined that the
number of frames F is equal to or greater than the prede-
termined number of frames Fs, a movement amount of the
ultrasound probe 1 is calculated by the movement amount
calculation section 15, in step S8. The movement amount
calculation section 15 calculates a pitch angle that is a
rotation angle in the pitch direction PT for each frame, using
the detection signal of the acceleration output from the
movement detection sensor 14. Thus, for example, a calcu-
lation result shown in Table 1 is obtained.

TABLE 1

Frame Number

N-4 N-3 N-2 N-1 N

Pitch angle (degree) 33 33 31 36 38
Pitch angle change (degree) 0 -2 5 2
[0067] In Table 1, the latest frame number i1s N, and the

oldest frame number is N-4. A pitch angle of the frame
number N-4 is 33°, and a pitch angle of the next frame
number N-3 is 33°. Thus, a change of the pitch angles from
the frame number N-4 to N-3 is 0°. A total value of absolute
values of the changes of the pitch angles from the frame
number N-4 to N, that is, 0+2+5+2=9° may be set as a
movement amount of the ultrasound probe 1. The movement
amount of the ultrasound probe 1 is not limited to the total
value of the absolute values of the changes of the pitch
angles between the frames, and may be a total value of
absolute values of changes of pitch angles in a predeter-
mined period of time.

[0068] As shown in Table 2, by assigning a weight to
each frame so that a weight of the most recent frame is
the largest, the degree of importance of the most recent
frame may be enhanced.

TABLE 2

Frame Number

N-4 N-3 N-2 N-1 N

Pitch angle (degree) 33 33 31 36 38
Pitch angle change (rare) 0 -2 5 2
Weight 1 2 3 4
[0069] A total value of absolute values of changes of pitch

angles from the frame number N-4 to N in Table 2 becomes
(0x1)+(2x2)+(3x5)+(2x4)=27°, which may be set as a
movement amount of the ultrasound probe 1.

[0070] In a case where the total value of the absolute
values of the changes of the pitch angles from the frame
number N-4 to N is calculated, in a case where the ultra-
sound probe 1 is moved in small steps, it is highly likely that
a relatively large value is calculated. On the other hand, in
a case where a difference between a maximum value of a
minimum value of the pitch angles from the frame number
N-4 to N is calculated, even in a case where the ultrasound
probe 1 is moved in small steps, it is highly likely that a
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relatively small value is calculated. In Tables 1 and 2, the
difference between the maximum value and the minimum
value of the pitch angles from the frame number N-4 to N
is 38-31=7°, which may be set as a movement amount of the
ultrasound probe 1.
[0071] The movement amount of the ultrasound probe 1
calculated by the movement amount calculation section
15 in this way is output to the portion discrimination
section 12.
[0072] Further, in step S9, image analysis is performed by
the image analysis section 11 using the ultrasound image.
The image analysis section 11 calculates a feature amount
such as a brightness or an edge of the ultrasound image
output from the image generation section 3. For example, it
is assumed that an ultrasound image signal for displaying the
ultrasound image as shown in FIG. 6 is output to the image
analysis section 11 from the image generation section 3. The
ultrasound image in FIG. 6 is an example of an ultrasound
image of the lungs.
[0073] Since the lungs are filled with air and a structure
thereof is not easily visualized, in a middle depth portion
shown in FIG. 6, the brightness is generally low compared
with other inspection portions. Thus, in the middle depth
portion, an average value of brightnesses is set as a feature
amount. Here, an average value of entire brightnesses in the
middle depth portion may be calculated, or a region-of-
interest (ROI) may be dividedly set in a depth direction or
alateral direction and an average value of brightnesses in the
ROI may be calculated.
[0074] Further, since the structure of the lungs is not easily
visualized in the middle depth portion, generally, edges are
small compared with other portions. Accordingly, after the
edges are extracted, an edge area and an edge strength of the
middle depth portion are calculated to be set as feature
amounts. In this case, the region-of-interest as described
above may be dividedly set in the middle depth portion to
calculate the edge area and the edge strength.
[0075] In the ultrasound image of the lungs, since the
pleura are visualized, edges in a lateral direction are present
in a shallow portion. Thus, after the edges are extracted, the
edge area and the edge strength in the lateral direction in the
shallow portion may be calculated as feature amounts.
[0076] Theimage analysis section 11 outputs the feature
amounts of the ultrasound image calculated in this way
to the portion discrimination section 12 as the image
analysis result.
[0077] Inthe next step S10, an imaging inspection portion
that is currently being imaged is discriminated by the portion
discrimination section 12. First, the portion discrimination
section 12 distinguishes the lungs from inspection portions
other than the lungs on the basis of the image analysis result
output from the image analysis section 11. Here, during the
inspection of the abdomen, since a structure similar to the
lungs may be visualized according to a scanning section,
there is a case where it is difficult to distinguish the lungs
from the abdomen. For example, an example of an ultra-
sound image of the abdomen shown in FIG. 7 is similar to
the example of the ultrasound image of the lung shown in
FIG. 6.
[0078] Next, the portion discrimination section 12 reads
out movement amount reference values corresponding to
inspections of the lungs, the heart, the abdomen, and the
bladder from the movement amount reference value memory
19, respectively, and compares each of the movement
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amount reference values with the movement amount of the
ultrasound probe 1 calculated by the movement amount
calculation section 15. As described above, generally, in a
case where the lungs are inspected, the ultrasound probe 1
is not nearly moved, and in a case where the abdomen is
inspected, the ultrasound probe 1 is greatly moved. Accord-
ingly, it is possible to determine whether the inspection of
the lungs is performed or the inspection of the abdomen is
performed according to the movement amount of the ultra-
sound probe 1. Further, the movement amount of the ultra-
sound probe 1 shown in Table 1 is 9°, which represents a
very small movement of the ultrasound probe 1. Thus, the
portion discrimination section 12 discriminates that the
imaging inspection portion is the lungs, and outputs the
discrimination result to the apparatus controller 16.

[0079] In this way, by integrating the image analysis result
in the image analysis section 11 with the movement amount
of the ultrasound probe 1 calculated by the movement
amount calculation section 15, even in a case where it is
difficult to discriminate an imaging inspection portion only
using the image analysis result, it is possible to accurately
discriminate the imaging inspection portion.

[0080] Further, in step S11, the result of the portion
discrimination in the portion discrimination section 12 is
output to the imaging condition setting section 13 through
the apparatus controller 16. The imaging condition setting
section 13 sets imaging conditions based on the result of the
portion discrimination, and controls the transmission/recep-
tion section 2 and the image generation section 3 on the basis
of the imaging conditions.

[0081] Then, the procedure returns to step S1, and in steps
S1 and S2, an ultrasound image is generated in a state where
imaging conditions are set by the imaging condition setting
section 13, and the ultrasound image is displayed on the
display section 5. Until it is determined that the imaging
inspection portion is changed by the portion discrimination
section 12 in step S3, steps S1 and S2 are repeated, and
diagnosis of the lungs that correspond to the imaging
inspection portion is continved.

[0082] Instep S3,in a case where it is determined that the
imaging inspection portion is changed, the procedure pro-
ceeds to step S4, and imaging conditions for the changed
imaging inspection portion are set through steps S4 to S11,
and then, steps S1 and S2 are repeated, so that diagnosis of
the changed imaging inspection portion may be continued.
[0083] In this way, by discriminating an imaging inspec-
tion portion that is currently being imaged by integrating an
image analysis result with a movement amount of the
ultrasound probe, it is possible to accurately discriminate the
imaging inspection portion, and to generate an ultrasound
image with stable quality to diagnose the imaging inspection
portion.

[0084] The movement amount calculation section 15 may
calculate a movement amount (movement distance) in the
direction along the X axis, a movement amount (movement
distance) in the direction along the Y axis, a movement
amount (movement distance) in the direction along the 7
axis, and a movement amount (movement angle) in the roll
direction RO and a movement amount (movement angle) in
the yaw direction YW, in addition to the movement amount
of the ultrasound probe 1 in the pitch direction PT as shown
in Table 1. Further, in a state where the movement amounts
are calculated, the movement amount calculation section 15
may add up the movement amount in the roll direction RO,
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the movement amount in the pitch direction PT, and the
movement amount in the roll direction RO, and may use the
result as an index indicating how much the ultrasound probe
1 swings. Further, the movement amount calculation section
15 may add up the movement amount in the direction along
the X axis, the movement amount in the direction along the
Y axis, and the movement amount in the direction along the
7 axis, and may use the result as an index indicating how
much the ultrasound probe 1 slides.

[0085] Further, in accordance with a characteristic and a
feature of diagnosis for each inspection portion, the portion
discrimination section 12 may change movement amounts to
be used for execution of the portion discrimination among
the movement amounts of the ultrasound probe 1 in the
respective directions calculated by the movement amount
calculation section 15, for each inspection portion. For
example, as described above, generally, in a case where the
lungs are inspected, the ultrasound probe 1 is not nearly
moved. Thus, since it is considered that the movement
amount in the direction along the X axis, the movement
amount in the direction along the Y axis, the movement
amount in the direction along the Z axis, the movement
amount in the roll direction RO, the movement amount in
the pitch direction PT, and the movement amount in the yaw
direction YW are relatively small, the entirety of these
movement amounts may be used. On the other hand, in a
case where the heart is inspected, generally, it is considered
that variation easily occurs in the change of the movement
amount in each direction for each operator due to a habit of
an operator in operating the ultrasound probe 1 and easy
visualization of an ultrasound image. Thus, the movement
amount in the direction along the X axis, the movement
amount in the direction along the Y axis, and the movement
amount in the direction along the 7 axis may be used.
[0086] Further, it is also possible to discriminate an imag-
ing inspection portion using the movement amount of the
ultrasound probe 1 calculated by the movement amount
calculation section 15, in addition to the feature amount
calculated through the image analysis, as the feature amount.
The movement amount of the ultrasound probe 1 calculated
by the movement amount calculation section 15 may be used
as the feature amount as it is. Alternatively, an average or a
variance of the movement amounts of the ultrasound probe
1 for each inspection portion may be calculated, and the
movement amounts may be normalized on the basis of the
calculated value to be used as feature amounts.

[0087] Then, for example. it is assumed that the ultrasound
image as shown in FIG. 8 is output to the image analysis
section 11. The ultrasound image shown in FIG. 8 is an
example of an ultrasound image of the heart.

[0088] As shown in FIG. 8, the heart has a variety of
edges in an inclined direction due to a core-wall, a
septum, and the like in a middle depth portion. Accord-
ingly, after the edges are extracted, it is possible to
calculate an edge area and an edge strength of the
middle depth portion in the inclined direction. Since the
edges are noticeably shown on a right side of the
ultrasound image shown in FIG. 8, an edge area and an
edge strength may be calculated only on the right side
in the middle depth portion.

[0089] Further, in the ultrasound image shown in FIG. 8,
since the core-wall and the septum are displayed as white
edges and blood is present between the core-wall and the
septum, a space between the core-wall and the septum is
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displayed as a dark region. Thus, the white edges and the
black region are displayed in parallel as a pattern. Accord-
ingly, by calculating a score through pattern recognition with
respect to the pattern or digitizing the degree of brightness
change using a profile of the brightness change or the like,
it is possible to calculate feature amounts.
[0090] On the basis of the feature amounts calculated in
this way, the heart and inspection portions other than the
heart are distinguished from each other. Here, since the
structure similar to the heart may be visualized according to
a scanning section during inspection of the abdomen, there
is a case where it is difficult to distinguish the heart from the
right abdomen. For example, in a case where an example of
an ultrasound image of the right abdomen shown in FIG. 9
is compared with the example of the ultrasound image of the
heart shown in FIG. 8, there are many edges in an inclined
direction in the middle depth portions in both the cases,
which shows that both the cases are similar to each other.
[0091] On the other hand, focusing on the movement of
the ultrasound probe 1, generally, in a case where the
heart is inspected, the ultrasound probe 1 is not greatly
moved in the direction along the X axis, the direction
along the Y axis, and the direction along the Z axis, that
is, in a sliding direction. On the other hand, as
described above, in a case where the abdomen is
inspected, the ultrasound probe 1 is greatly moved.
[0092] Accordingly, for example, as shown in FIG. 10, it
is possible to calculate a distribution of feature amounts of
the heart and a distribution of inspection portions other than
the heart by causing a longitudinal axis to represent a
movement amount (feature amount) of the ultrasound probe
1 and a lateral axis to represent a feature amount of an
ultrasound image, and to distinguish the heart and the
abdomen with reference to a boundary B between the heart
and the inspection portions other than the heart. In FIG. 10,
an edge strength and an edge area in an inclined direction in
a middle depth portion are used as feature amounts of an
ultrasound image, for example. Further, a sum of a move-
ment amount in the direction along the X axis, a movement
amount in the direction along the Y direction, and a move-
ment amount in the direction along the Z axis may be used
as the movement amount of the ultrasound probe 1, for
example.
[0093] In addition, in comparing the inspection of the
heart with the inspection of the lung, as described above, in
a case where the heart is inspected, the ultrasound probe 1
is not greatly moved in the direction along the X axis, the
direction along the Y axis, and the direction along the 7 axis,
and in a case where the lungs are inspected, the ultrasound
probe 1 is not greatly moved in any direction. That is, it is
difficult to distinguish the heart from the lungs only using the
movement amount of the ultrasound probe 1. On the other
hand, as shown in FIG. 6, since edges are not nearly present
in the inclined direction in the example of the ultrasound
image of the lungs, feature amounts of the ultrasound images
of the lungs and the heart are different from each other.
Accordingly, in the distributions of the feature amounts of
the heart and the inspection portions other than the heart
shown in FIG. 10, it is possible to distinguish the heart from
the lungs with reference to the boundary B between the heart
and the inspection portions other than the heart.
[0094] In FIG. 10, the edge strength and the edge area in
the inclined direction in the middle depth portion are used as
the feature amounts of the ultrasound image, but a brightness
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may be added thereto. Further, the sum of the movement
amount in the direction along the X axis, the movement
amount in the direction along the Y direction, and the
movement amount in the direction along the Z axis are used
as the movement amount of the ultrasound probe 1, but a
movement amount in the pitch direction PT, a movement
amount in the roll direction RO, and a movement amount in
the yaw direction YW may be added thereto. Thus, it is
possible to calculate a distribution of feature amounts in
multi dimensions.

Embodiment 2

[0095] In Embodiment 1, the portion discrimination
section 12 integrates an image analysis result and a
movement amount of the ultrasound probe 1 to perform
portion discrimination. On the other hand, in Embodi-
ment 2, the portion discrimination section 12 narrows
down a plurality of inspection portions that are targets
of image analysis, on the basis of a movement amount
of the ultrasound probe 1.

[0096] An ultrasound image is generated through steps
$1 to S7 in the flowchart of FIG. 5, and a movement of
the ultrasound probe 1 is detected. Then, movement
amounts of the ultrasound probe 1 as shown in the
following Table 3 are calculated by the movement
amount calculation section 15 in step S8, for example.
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are provided with respect to the movement amounts in the
respective directions. In a case where any movement amount
among the movement amounts in the respective directions
exceeds an upper limit value of the setting range, it is
possible to determine that the image analysis is not pet-
formed with respect to the lungs. In Table 3, since the
movement amount in the direction along the 7 axis is 6 and
exceeds the upper limit of the setting range, the image
analysis is not performed with respect to the lungs for a
predetermined period of time.

[0100] Here, the period of time during which the image
analysis is not performed with respect to the lungs may be
set to any one of a period of time between frames where the
movement amounts of the ultrasound probe 1 are calculated,
a period of time until a predetermined period of time elapses
after an ultrasound image corresponding to a frame where
the movement amounts are calculated is generated, or a
period of time until inspection of an imaging inspection
portion that is currently being imaged is terminated after the
ultrasound image corresponding to the frame where the
movement amounts are calculated is generated. The period
of time when the image analysis is not performed with
respect to the lungs may be set in advance from these periods
of time, and may be changed in accordance with how much
the movement amount of the ultrasound probe 1 and the
setting range corresponding to the movement amount are
spaced from each other.

TABLE 3
Pitch direction  Roll direction  Yaw direction Direction along Direction along Direction along
PT RO YW X axis Y axis Z axis
Movement amount 3 4 3 1 0 6
Setting range Oto$S Ot S Dto 5 Oto$S Oto$ Oto 5
[0097] The movement amounts shown in Table 3 are [0101] Further, as described above, generally, in a case

obtained by adding up absolute values of changes of move-
ment amounts between predetermined frames as described
above and normalizing the total values. Calculation results
of the movement amounts are output to the portion discrimi-
nation section 12.

[0098] In the next step S9, in performing image analysis
using an ultrasound image by the image analysis section 11,
inspection portions that are targets of the image analysis are
narrowed down by the portion discrimination section 12.
The portion discrimination section 12 reads out a plurality of
movement amount reference values corresponding to a
plurality of inspection portions from the movement amount
reference value memory 19, and sets setting ranges with

where the heart is inspected, variation in changes of move-
ment amounts in respective directions for each operator
easily occurs. Further, it is considered that the ultrasound
probe 1 is greatly moved compared with the inspection of
the lungs. Accordingly, the portion discrimination section 12
may provide setting ranges of 0 to 10 with respect to the
movement amount in the direction along the X axis, the
movement amount in the direction along the Y axis, and the
movement amount in the direction along the 7 axis, as
shown in Table 4, on the basis of the plurality of movement
amount reference values.

TABLE 4
Pitch direction  Roll direction ~ Yaw direction Direction along Direction along Direction along
PT RO YW X axis Y axis Z axis
Movement amount 3 4 3 1 0 6
Setting range — — 0to 10 0to 10 0to 10
respect to movement amounts in respective directions of the [0102] In Table 4, since the movement amount in the

ultrasound probe 1, as shown in Table 3, on the basis of the
plurality of movement amount reference values.

[0099] As described above, generally, in a case where the
lungs are inspected, the ultrasound probe 1 is not nearly
moved. Thus, as shown in Table 3, setting ranges of 0 to 5

direction along the 7 axis is 6 and is within the setting range,
the image analysis is performed with respect to the heart.

[0103] Further, generally, in a case where the bladder is
inspected, the ultrasound probe 1 is greatly moved in
the pitch direction PT or the direction along the Y axis
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so that the entire bladder is viewed. Accordingly, as
shown in Table 5, a setting range of 30 or greater may
be set with respect to the movement amount in the pitch
direction PT or the movement amount in the direction
along the Y axis. Further, in a case where the movement
amount in any direction does not reach the lower limit
value of the setting range, it is possible to determine
that the image analysis is not performed with respect to
the bladder.
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[0109] Further, in narrowing down the inspection por-
tions, in order to prevent inspection portions from
being overlooked, setting ranges with respect to move-
ment amounts are provided to be wide to some extent,
and thus, there is a possibility that the inspection
portions may not be sufficiently narrowed down. How-
ever, even though the inspection portions are not suf-
ficiently narrowed down, it is possible to accurately
discriminate the imaging inspection portion by inte-

TABLE 5
Pitch direction Roll direction ~ Yaw direction Direction along Direction along Direction along
PT RO YW X axis Y axis Z axis
Movement amount 3 4 3 1 0 6
Setting range 30 or greater — — — 30 or greater —
[0104] InTable 5, since the movement amount in the pitch grating the image analysis results with the movement
direction PT is 3 and the movement amount in the direction amounts of the ultrasound probe 1.
along the Y axis is 0, that is, any movement amount does not
reach the lower limit value of the setting range, the image Embodiment 3
analysis is not performed with respect to the bladder for a [0110] In Embodiment 1 and Embodiment 2, an analy-

predetermined period of time.

[0105] As described above, a plurality of inspection
portions that are targets of image analysis are narrowed
down by the portion discrimination section 12 on the
basis of the movement amounts of the ultrasound probe
1, and the narrow-down result of the inspection por-
tions is output to the image analysis section 11.

[0106] Further, the image analysis section 11 performs
image analysis with respect to the plurality of inspection
portions that are narrowed down by the portion discrimina-
tion section 12, and outputs the image analysis result to the

sis order for performing image analysis with respect to
a plurality of inspection portions is not fixed, but in
Embodiment 3, the analysis order is determined on the
basis of movement amounts of the ultrasound probe 1.
[0111] An ultrasound image is generated through steps
S1 to 87 in the flowchart of FIG. 5 and the movements
of the ultrasound probe 1 are detected. In step S8, it is
assumed that the movement amounts of the ultrasound
probe 1 as shown in the following Table 6 are calcu-
lated by the movement amount calculation section 15
and are output to the portion discrimination section 12.

TABLE 6
Pitch direction Roll direction ~ Yaw direction Direction along Direction along Direction along
PT RO YW X axis Y axis Z axis
Movement amount 3 4 3 1 0 3
Setting range Oto 5 Oto5 0to5 Oto 3 Oto5 OtoS
portion discrimination section 12. In the next step S10, the [0112] In the next step S9, in performing image analysis

portion discrimination section 12 discriminates an imaging
inspection portion using the image analysis result.

[0107] In this way, by narrowing down inspection por-
tions that are targets of image analysis on the basis of
movement amounts of the ultrasound probe 1, it is
possible to reduce the number of image analysis pro-
cesses for which it is generally considered that a
processing load is high, and to effectively reduce the
processing load due to the image analysis processes.

[0108] The portion discrimination section 12 may inte-
grate the image analysis results for the inspection portions
that are narrowed down by the portion discrimination sec-
tion 12 and the movement amounts of the ultrasound probe
1 calculated by the movement amount calculation section 15
to discriminate the imaging inspection portion that is cur-
rently being imaged. By narrowing down the inspection
portions, it is possible to accurately discriminate the imaging
inspection portion while reducing the processing load due to
the image analysis processes.

by the image analysis section 11, an analysis order for
performing the image analysis with respect to a plurality of
inspection portions is determined by the portion discrimi-
nation section 12. The portion discrimination section 12
reads out a plurality of movement amount reference values
corresponding to the plurality of inspection portions from
the movement amount reference value memory 19, and sets
setting ranges with respect to the movement amounts of the
ultrasound probe 1 as shown in Table 6, on the basis of the
plurality of movement amount reference values.

[0113] As described above, generally, in a case where the
lungs are inspected, the ultrasound probe 1 is not nearly
moved. Thus, as shown in Table 6, setting ranges of 0 to 5
are set with respect to movement amounts in the respective
directions, and in a case where the movement amounts in the
respective directions are within the setting ranges, it is
possible to determine that the image analysis is preferen-
tially performed with respect to the lungs. In Table 3, since
the movement amounts in the respective directions are
within the setting ranges, the image analysis is preferentially
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performed with respect to the lungs. Further, by setting
ranges with respect to movement amounts of the ultrasound
probe 1 on the basis of movement amount reference values
corresponding to inspection portions other than the lungs
and comparing the setting ranges with the movement
amounts of the ultrasound probe 1, an analysis order for
performing image analysis with respect to the plurality of
inspection portions is determined, and the determined analy-
sis inspection order is output to the image analysis section
11.

[0114] Further, the image analysis section 11 preferen-
tially performs image analysis with respect to the lungs
among the plurality of inspection portions, in accordance
with the analysis order determined by the portion discrimi-
nation section 12, and outputs the image analysis result to
the portion discrimination section 12. Further, in step S10,
the portion discrimination section 12 discriminates an imag-
ing inspection portion using the image analysis result. Here,
since it is determined in advance by the portion discrimi-
nation section 12 that there is a high possibility that the
imaging inspection portion corresponds to the lungs on the
basis of the movement amount of the ultrasound probe 1, a
possibility that it is discriminated that the imaging inspec-
tion portion corresponds to the lungs becomes high.

[0115] In this way, by determining an analysis order for
performing image analysis with respect to a plurality of
inspection portions, it is possible to discriminate an
imaging inspection portion in a short time, and thus, it
is possible to enhance response performance of the
ultrasound diagnostic apparatus according to Embodi-
ment 3.

[0116] Further, as shown in the following Table 7 and
Table 8, it is also possible to set setting ranges with respect
to movement amounts of the ultrasound probe 1 in two
stages of narrowing down of a plurality of inspection
portions and an analysis order for performing image analysis
with respect to the plurality of inspection portions.

Jul. 11,2019

after image analysis for a different inspection portion. Fur-
ther, for example, in a case where movement amounts of the
ultrasound probe 1 as shown in FIG. 8 are calculated, a
movement amount in the direction along the 7 axis is 22, and
exceeds an upper limit of a setting range relating to narrow-
ing down. Thus, image analysis is not performed with
respect to an inspection portion corresponding to the move-
ment amount.

Embodiment 4

[0118] In Embodiments 1 to 3, movement amounts of
the ultrasound probe 1 are compared with movement
amount reference values, regardless of an operator or a
subject, but in Embodiment 4, movement amount ref-
erence values are corrected for each operator or subject,
and are compared with the movement amounts of the
ultrasound probe 1.

[0119] FIG. 11 shows a configuration of an ultrasound
diagnostic apparatus according to Embodiment 4. The
ultrasound diagnostic apparatus according to Embodi-
ment 4 comprises a probe operating information
memory 31, in the configuration of the ultrasound
diagnostic apparatus according to Embodiment 1
shown in FIG. 1, and the probe operating information
memory 31 is connected to the apparatus controller 16.

[0120] The probe operating information memory 31 stores
in advance information relating to an operation of the
ultrasound probe 1 for each operator or subject. In operating
the ultrasound probe 1, it is considered that there is a feature
or a habit in an operating way of the ultrasound probe 1 for
each operator, such as an angle of the ultrasound probe on
a subject or a moving way of the ultrasound probe 1, for
example. Further, in operating the ultrasound probe 1, in
accordance with the type of a subject, for example, in
accordance with a child or an adult, it is considered that an
operating way of the ultrasound probe 1 is changed. Thus, it

TABLE 7
Pitch direction  Roll direction ~ Yaw direction Direction along Direction along Direction along
PT RO YW X axis Y axis Z axis
Movement amount 3 4 3 1 0 6
Setting range Oto 5 OtoS OtoS Oto S OtoS OtoS
(analysis order)
Setting range 0to 10 0to 10 0to 10 0to 10 0to 10 0to 10
(narrowing down)
TABLE 8
Pitch direction  Roll direction ~ Yaw direction Direction along Direction along Direction along
PT RO YW X axis Y axis Z axis
Movement amount 3 4 3 1 0 22
Setting range Oto 5 0toS Oto$ Oto$ OtoS OtoS
(analysis order)
Setting range 0to 10 0to 10 0to 10 0to 10 0to 10 0to 10

(narrowing down)

[0117] For example, in a case where movement amounts
of the ultrasound probe 1 as shown in Table 7 are calculated,
a movement amount in the direction along the 7 axis is 6,
and exceeds an upper limit of a setting range relating to an
analysis order. Thus, image analysis for an inspection por-
tion corresponding to the movement amount is performed

is possible to collect in advance the information relating to
the operation of the ultrasound probe 1 for each operator or
subject.

[0121] For example, an operator inputs information on the
operator or a subject to the ultrasound diagnostic apparatus
according to Embodiment 4 through the operation section
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17, and the portion discrimination section 12 reads out
information relating to an operation of the ultrasound probe
1 from the probe operating information memory 31 on the
basis of the input information. Further, the portion discrimi-
nation section 12 corrects a plurality of movement amount
reference values of the movement amount reference value
memory 19 on the basis of the information, and compares
the plurality of corrected movement amount reference val-
ues with movement amounts of the ultrasound probe 1.
Thus, it is possible to discriminate an imaging inspection
portion in accordance with an operator or a subject, it is
possible to enhance the accuracy of portion discrimination.
[0122] In a case where the information relating to the
operation of the ultrasound probe 1 corresponding to
the input information on the subject is not stored in the
probe operating information memory 31, information
on a different subject that is common in weight, height,
gender, body fat rate, or the like may be used.

EXPLANATION OF REFERENCES

[0123] 1: ultrasound probe

[0124] 1A: array transducer

[0125] 2: transmission/reception section
[0126] 3: image generation section

[0127] 4: display controller

[0128] 5: display section

[0129] 6: reception section

[0130] 7: transmission section

[0131] 8: transmission/reception controller

[0132] 9: image processing section

[0133] 10: DSC

[0134] 11: image analysis section

[0135] 12: portion discrimination section

[0136] 13: imaging condition setting section
[0137] 14: movement detection sensor

[0138] 15: movement amount calculation section
[0139] 16: apparatus controller

[0140] 17: operation section

[0141] 18: storage section

[0142] 19: movement amount reference value memory
[0143] 20: amplification section

[0144] 21: A/D conversion section

[0145] 22: beam former

[0146] 23: signal processing section

[0147] 31: probe operating information memory

[0148] X, Y, Z: axis
[0149] PT, RO, YW: direction
[0150] B: boundary

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

an ultrasound probe;

a transmission circuit that transmits an ultrasound beam
toward a subject from the ultrasound probe;

a reception circuit that generates reception data on the
basis of signals output from the ultrasound probe;

a movement detection sensor that is attached to the
ultrasound probe and detects a movement of the ultra-
sound probe to output the movement as a detection
signal; and

a processor that images the subject on the basis of the
reception data generated by the reception circuit to
generate an ultrasound image, performs image analysis
using the generated ultrasound image, calculates a
movement amount of the ultrasound probe in a case
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where an imaging inspection portion that is currently
being imaged among a plurality of inspection portions
of the subject is inspected. using the detection signal
output from the movement detection sensor, and dis-
criminates the imaging inspection portion on the basis
of a result of the image analysis and the movement
amount of the ultrasound probe.

2. The ultrasound diagnostic apparatus according to claim

15
wherein the processor integrates the result of the image
analysis and the movement amount of the ultrasound
probe to discriminate the imaging inspection portion.

3. The ultrasound diagnostic apparatus according to claim
2,

wherein the processor performs the image analysis using
the ultrasound image to calculate a feature amount of
the ultrasound image, and integrates the feature amount
and the movement amount of the ultrasound probe to
discriminate the imaging inspection portion.

4. The ultrasound diagnostic apparatus according to claim

15

wherein the processor narrows down the plurality of
inspection portions that are targets of the image analy-
sis, on the basis of the movement amount of the
ultrasound probe, performs the image analysis with
respect to the narrowed-down inspection portions, and
discriminates the imaging inspection portion using the
result of the image analysis.

5. The ultrasound diagnostic apparatus according to claim

1,

wherein the processor determines an analysis order for
performing the image analysis with respect to the
plurality of inspection portions, on the basis of the
movement amount of the ultrasound probe, sequen-
tially performs the image analysis with respect to the
plurality of inspection portions in accordance with the
determined analysis order, and discriminates the imag-
ing inspection portion using the result of the image
analysis.

6. The ultrasound diagnostic apparatus according to claim

47

wherein the processor determines an analysis order for
performing the image analysis with respect to the
plurality of inspection portions, on the basis of the
movement amount of the ultrasound probe, sequen-
tially performs the image analysis with respect to the
plurality of inspection portions in accordance with the
determined analysis order, and discriminates the imag-
ing inspection portion using the result of the image
analysis.

7. The ultrasound diagnostic apparatus according to claim

1, further comprising:

a movement amount reference value memory in which a
plurality of movement amount reference values corre-
sponding to the plurality of inspection portions of the
subject and relating to the movement amount are stored
in advance,

wherein the processor reads out the plurality of movement
amount reference values from the movement amount
reference value memory, compares each of the plurality
of read-out movement amount reference values with
the movement amount of the ultrasound probe, and
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discriminates the imaging inspection portion on the
basis of the comparison result and the result of the
image analysis.

8. The ultrasound diagnostic apparatus according to claim

2, further comprising;

a movement amount reference value memory in which a
plurality of movement amount reference values corre-
sponding to the plurality of inspection portions of the
subject and relating to the movement amount are stored
in advance,

wherein the processor reads out the plurality of movement
amount reference values from the movement amount
reference value memory, compares each of the plurality
of read-out movement amount reference values with
the movement amount of the ultrasound probe, and
discriminates the imaging inspection portion on the
basis of the comparison result and the result of the
image analysis.

9. The ultrasound diagnostic apparatus according to claim

3, further comprising:

a movement amount reference value memory in which a
plurality of movement amount reference values corre-
sponding to the plurality of inspection portions of the
subject and relating to the movement amount are stored
in advance,

wherein the processor reads out the plurality of movement
amount reference values from the movement amount
reference value memory, compares each of the plurality
of read-out movement amount reference values with
the movement amount of the ultrasound probe, and
discriminates the imaging inspection portion on the
basis of the comparison result and the result of the
image analysis.

10. The ultrasound diagnostic apparatus according to

claim 4, further comprising:

a movement amount reference value memory in which a
plurality of movement amount reference values corre-
sponding to the plurality of inspection portions of the
subject and relating to the movement amount are stored
in advance,

wherein the processor reads out the plurality of movement
amount reference values from the movement amount
reference value memory, compares each of the plurality
of read-out movement amount reference values with
the movement amount of the ultrasound probe, and
discriminates the imaging inspection portion on the
basis of the comparison result and the result of the
image analysis.

11. The ultrasound diagnostic apparatus according to

claim 5, further comprising:

a movement amount reference value memory in which a
plurality of movement amount reference values corre-
sponding to the plurality of inspection portions of the
subject and relating to the movement amount are stored
in advance,

wherein the processor reads out the plurality of movement
amount reference values from the movement amount
reference value memory, compares each of the plurality
of read-out movement amount reference values with
the movement amount of the ultrasound probe, and
discriminates the imaging inspection portion on the
basis of the comparison result and the result of the
image analysis.
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12. The ultrasound diagnostic apparatus according to

claim 7, further comprising:

a probe operating information memory in which informa-
tion relating to an operation of the ultrasound probe is
stored in advance for each inspector or each subject,

wherein the processor reads out the information relating

to the operation of the ultrasound probe from the probe
operating information memory, corrects the plurality of
movement amount reference values on the basis of the
read-out information, compares each of the plurality of
corrected movement amount reference values with the
movement amount of the ultrasound probe, and dis-
criminates the imaging inspection portion on the basis
of the comparison result and the result of the image
analysis.

13. The ultrasound diagnostic apparatus according to

claim 8, further comprising:

a probe operating information memory in which informa-
tion relating to an operation of the ultrasound probe is
stored in advance for each inspector or each subject,

wherein the processor reads out the information relating

to the operation of the ultrasound probe from the probe
operating information memory, corrects the plurality of
movement amount reference values on the basis of the
read-out information, compares each of the plurality of
corrected movement amount reference values with the
movement amount of the ultrasound probe, and dis-
criminates the imaging inspection portion on the basis
of the comparison result and the result of the image
analysis.

14. The ultrasound diagnostic apparatus according to

claim 9, further comprising:
a probe operating information memory in which informa-

tion relating to an operation of the ultrasound probe is
stored in advance for each inspector or each subject,

wherein the processor reads out the information relating

to the operation of the ultrasound probe from the probe
operating information memory, corrects the plurality of
movement amount reference values on the basis of the
read-out information, compares each of the plurality of
corrected movement amount reference values with the
movement amount of the ultrasound probe, and dis-
criminates the imaging inspection portion on the basis
of the comparison result and the result of the image
analysis.

15. The ultrasound diagnostic apparatus according to

claim 10, further comprising:
a probe operating information memory in which informa-

tion relating to an operation of the ultrasound probe is
stored in advance for each inspector or each subject,

wherein the processor reads out the information relating

to the operation of the ultrasound probe from the probe
operating information memory, corrects the plurality of
movement amount reference values on the basis of the
read-out information, compares each of the plurality of
corrected movement amount reference values with the
movement amount of the ultrasound probe, and dis-
criminates the imaging inspection portion on the basis
of the comparison result and the result of the image
analysis.

16. The ultrasound diagnostic apparatus according to
claim 11, further comprising:
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a probe operating information memory in which informa-
tion relating to an operation of the ultrasound probe is
stored in advance for each inspector or each subject,

wherein the processor reads out the information relating
to the operation of the ultrasound probe from the probe
operating information memory, corrects the plurality of
movement amount reference values on the basis of the
read-out information, compares each of the plurality of
corrected movement amount reference values with the
movement amount of the ultrasound probe, and dis-
criminates the imaging inspection portion on the basis
of the comparison result and the result of the image
analysis.

17. The ultrasound diagnostic apparatus according to

claim 1,

wherein the processor sets an imaging condition corre-
sponding to the discriminated imaging inspection por-
tion, and generates the ultrasound image in accordance
with the set imaging condition.

18. The ultrasound diagnostic apparatus according to

claim 1,

wherein the movement detection sensor is formed by an
acceleration sensor, a gyro sensor, a magnetic sensor, or
a GPS sensor.
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19. A control method of an ultrasound diagnostic appa-
ratus comprising:
transmitting an ultrasound beam toward a subject from an
ultrasound probe;

generating reception data on the basis of signals output
from the ultrasound probe;

imaging the subject on the basis of the generated recep-
tion data to generate an ultrasound image;

performing image analysis using the generated ultrasound
image;

detecting a movement of the ultrasound probe to output
the movement as a detection signal;

calculating a movement amount of the ultrasound probe in
a case where an imaging inspection portion that is
currently being imaged among a plurality of inspection
portions of the subject is inspected, using the output
detection signal; and

discriminating the imaging inspection portion on the basis
of a result of the image analysis and the movement
amount of the ultrasound probe.

L S T T



patsnap

TRAFROE) BELHEZNBE ISR ENEE %

NIF(2E)E US20190209131A1 K (2E)R 2019-07-11
HiES US16/354546 RiFH 2019-03-15
HRIBRBEERFPOARR) EBEXRAKISHE

BE (T RR)AGE) EXRAFH%N &4

HEHFERIDAGE) BLREENSHE

FRIK B A EBATA TETSUROU

REBAA EBATA, TETSUROU

IPCH %S A61B8/00 A61B8/14 A61B8/08

CPCH% S AB1B8/4254 A61B8/14 A61B8/5207 A61B8/461 A61B8/4245 A61B8/5223 A61B8/54
1k £ 2016187003 2016-09-26 JP

SAEBEE Espacenet USPTO

HE(F) ! : ;

. . - ULTRASOUND !l TRANSMISSION/ {TMAGEGENERATION
RE—FTEFFOMEE , SFEFRIRL , ETNBEFRERLMEN PROBE A %SEC“""Q 10 4 5
BRESHNRHTRENEREFRBROREBS | (£AREER Rl My
RRERNBERESE TRRS TNEGI NS . KEHY , B | e
BAEBE | KN EIEFRGHONBERANBH R EBHER W T
BNES K BHETEDBSIHEEBEFHRLIANBIENBRTHEBIE { SE?C”:“ ’ 15 i
HERBEANBIRNZRFZHHORUESRELTENRH SN 1A TRASTHSSON Wi .

N R N ‘ RECEPTION ‘ CALCULATION SECTION
REIDRRENREGRER D , URETEEI XD RERELDRD T CONTROLLER SECTION 5
?io%[iﬁa‘ﬁléﬂ%ﬂﬁﬁﬁa‘o SHEGIS B2 MBI ETEHBRHEITELR DR "5{?‘%{)‘8“ ‘%éé%’%,?&?é‘@ﬁ%ﬂ .

APPARATUS CONTROLLER I

16
OPERATION| [ STORAGE MOVEMENT AMOUNT
SECTION REFERENCE VALUE
SECTION * RENCE V
17

19



https://share-analytics.zhihuiya.com/view/72286973-da39-4588-af17-73580a604c76
https://worldwide.espacenet.com/patent/search/family/061690847/publication/US2019209131A1?q=US2019209131A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190209131%22.PGNR.&OS=DN/20190209131&RS=DN/20190209131

