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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/JP2017/041640 filed on Nov.
20, 2017, which claims priority under 35 U.S.C. § 119(a) to
Japanese Patent Application No. 2016-236580 filed on Dec.
6, 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 an ultrasound
diagnostic apparatus and in particular, to an ultrasound
diagnostic apparatus for notifying an operator of the posture
angle of an ultrasound probe with respect to an examination
part of a subject and a control method of the ultrasound
diagnostic apparatus.

2. Description of the Related Art

[0003] Conventionally, an ultrasound diagnostic apparatus
is known as an apparatus for acquiring an image of the inside
of a subject. In general, an ultrasound diagnostic apparatus
comprises an ultrasound probe comprising a transducer
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, an ultrasound beam is transmitted
from the transducer array to the inside of the subject and
ultrasound echoes from the subject are received in the
transducer array, so that element data is acquired. In addi-
tion, the ultrasound diagnostic apparatus electrically pro-
cesses the acquired element data to generate an ultrasound
image of the relevant part of the subject.

[0004] Ttis known that the clarity of an imaging part in the
ultrasound image captured by such an ultrasound diagnostic
apparatus changes according to the posture angle of the
ultrasound probe in contact with the body surface of the
subject. For this reason, at the time of examining the part of
the subject using the ultrasound diagnostic apparatus, in
order to clearly image the examination part of the subject,
the operator needs to bring the ultrasound probe into contact
with the body surface of the subject and tilt the ultrasound
probe to find the optimal posture angle of the ultrasound
probe.

[0005] Therefore, various ultrasound diagnostic appara-
tuses capable of acquiring the appropriate posture angle of
the ultrasound probe and clearly imaging the examination
part of the subject have been proposed. For example, an
ultrasound diagnostic apparatus disclosed in JP5842810B
displays a reference probe icon, which shows an angle of an
ultrasound probe in a case where an ultrasound image was
captured in the past or a posture angle set in advance
according to the current diagnostic mode, and a current
probe icon, which shows a posture angle of an ultrasound
probe being moved by the operator, simultaneously with the
ultrasound image. By moving the ultrasound probe so that
the reference probe icon and the current probe icon match
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each other, the operator can fix the ultrasound probe at the
posture angle set in advance according to the current diag-
nostic mode and image the examination part of the subject.

SUMMARY OF THE INVENTION

[0006] Incidentally, since the structure and the position of
an examination part vary depending on a subject, an appro-
priate posture angle of an ultrasound probe differs depending
on a subject. For this reason, even in a case where the
posture angle of the ultrasound probe is determined with
reference to a reference posture angle set in advance using
the technique disclosed in JP5842810B, it is not possible to
clearly image the examination part of the subject.

[0007] For example, in the extended Focused Assessment
with Sonography for Trauma (eFAST) examination for
continuously examining a plurality of examination parts for
initial examination of an injured patient in emergency, it is
requested to quickly perform ultrasound examination on the
plurality of examination parts. In the case of such an
examination, the examination has been performed on a
subject having no past ultrasound diagnostic data in many
cases, and the examination time is short. Therefore, even in
a case where the technique disclosed in JP5842810B is used,
it is difficult to clearly image the examination part of the
subject.

[0008] The present invention has been made in order to
solve such a conventional problem, and it is an object of the
present invention to provide an ultrasound diagnostic appa-
ratus and a control method of an ultrasound diagnostic
apparatus capable of clearly imaging an examination part
even in a case where a subject is changed.

[0009] In order to achieve the aforementioned object, an
ultrasound diagnostic apparatus of the present invention
comprises: an ultrasound probe; an image generation umt
that generates an ultrasound image by transmitting an ultra-
sound beam from the ultrasound probe toward a subject and
receiving an ultrasound beam reflected from the subject; a
probe posture angle detection unit that detects a posture
angle of the ultrasound probe; an image analysis unit that
calculates a likelihood of an imaging part in the ultrasound
image with respect to an examination part by analyzing the
ultrasound image generated by the image generation unit; a
recommended posture angle generation unit that sets, as a
recommended posture angle, the posture angle detected by
the probe posture angle detection unit in a case where the
likelihood calculated by the image analysis unit is maxi-
mized while the posture angle detected by the probe posture
angle detection unit is being changed over a predetermined
angle range including a basic posture angle of the ultrasound
probe, which is set corresponding to the examination part,
by bringing the ultrasound probe into contact with a body
surface of the subject and tilting the ultrasound probe by an
operator; and a recommended posture angle notification unit
that notifies the operator of the recommended posture angle
generated by the recommended posture angle generation
unit.

[0010] Itis preferable that the recommended posture angle
generation unit sets, as the recommended posture angle, the
posture angle detected by the probe posture angle detection
unit in a case where the likelihood calculated by the image
analysis unit is maximized while the posture angle detected
by the probe posture angle detection unit is changing once
over the angle range.
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[0011] Alternatively, it is preferable that the recommended
posture angle generation unit sets, as the recommended
posture angle, the posture angle detected by the probe
posture angle detection unit in a case where the likelihood
calculated by the image analysis unit is maximized while the
posture angle detected by the probe posture angle detection
unit is changing in a reciprocating manner over the angle
range.

[0012] TItis preferable to further comprise: a probe angular
speed detection unit that detects an angular speed of the
ultrasound probe; and a probe tilt warning unit that warns the
operator that the ultrasound probe is to be continuously tilted
in a case where the posture angle detected by the probe
posture angle detection unit is within the angle range and the
angular speed detected by the probe angular speed detection
unit becomes equal to or less than a predetermined value.
[0013] It is preferable to further comprise: a display unit
that displays the ultrasound image generated by the image
generation unit; and a display control unit that controls
display on the display unit.

[0014] It is preferable that the display control unit dis-
plays, on the display unit, the likelihood calculated by the
image analysis unit, the posture angle detected by the probe
posture angle detection unit, the basic posture angle, and the
recommended posture angle generated by the recommended
posture angle generation unit.

[0015] Itis preferable that the display control unit displays
the posture angle detected by the probe posture angle
detection unit, the basic posture angle, and the recom-
mended posture angle generated by the recommended pos-
ture angle generation unit, on the display unit, as numerical
values or graph images.

[0016] A control method of an ultrasound diagnostic appa-
ratus of the present invention comprises: generating an
ultrasound image by transmitting an ultrasound beam from
an ultrasound probe toward a subject and receiving an
ultrasound beam reflected from the subject; detecting a
posture angle of the ultrasound probe; calculating a likeli-
hood of an imaging part in the ultrasound image with respect
to an examination part by analyzing the generated ultra-
sound image; setting, as a recommended posture angle, the
posture angle in a case where the calculated likelihood is
maximized while the detected posture angle is being
changed over a predetermined angle range including a basic
posture angle of the ultrasound probe, which is set corre-
sponding to the examination part, by bringing the ultrasound
probe into contact with a body surface of the subject and
tilting the ultrasound probe by an operator; and notifying the
operator of the recommended posture angle.

[0017] According to the present invention, the ultrasound
diagnostic apparatus has the recommended posture angle
generation unit that sets, as a recommended posture angle,
the posture angle of the ultrasound probe in a case where the
likelihood of the imaging part in the ultrasound image is
maximized, and the operator is notified of the recommended
posture angle. Therefore, even in a case where the subject is
changed, it is possible to image the examination part clearly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a block diagram showing the configura-
tion of an ultrasound diagnostic apparatus according to a
first embodiment of the present invention.

[0019] FIG. 2 is a block diagram showing the internal
configuration of a reception circuit shown in FIG. 1.
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[0020] FIG. 3 is a block diagram showing the internal
configuration of an image generation unit shown in FIG. 1.
[0021] FIG. 4 is a flowchart showing the operation of the
ultrasound diagnostic apparatus according to the first
embodiment of the present invention.

[0022] FIG. 5 is a conceptual diagram showing an
example of a screen display during ultrasound diagnosis on
a display unit shown in FIG. 1.

[0023] FIG. 6 is a conceptual diagram showing an
example of a display of a radar chart on the display umt
shown in FIG. 1.

[0024] FIG. 7 is a flowchart showing the operation of an
ultrasound diagnostic apparatus according to a second
embodiment of the present invention.

[0025] FIG. 8 is a block diagram showing the configura-
tion of an ultrasound diagnostic apparatus according to a
third embodiment of the present invention.

[0026] FIG. 9 is a flowchart showing the operation of the
ultrasound diagnostic apparatus according to the third
embodiment of the present invention.

[0027] FIG. 10 is a flowchart showing the operation of an
ultrasound diagnostic apparatus according to a fourth
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0028] Hereinafter, embodiments of the present invention
will be described with reference to the accompanying dia-
grams.

First Embodiment

[0029] FIG. 1 shows the configuration of an ultrasound
diagnostic apparatus according to a first embodiment of the
present invention. An ultrasound diagnostic apparatus 1
comprises an ultrasound probe 2 in which a transducer array
2A is built, and a display control unit 7 and a display unit 8
are sequentially connected to the ultrasound probe 2 through
an image acquisition unit 3.

[0030] The image acquisition unit 3 has a reception circuit
4 and a transmission circuit 5, which are connected to the
transducer array 2A of the ultrasound probe 2, and an image
generation unit 6 connected to the reception circuit 4, and
the display control unit 7 is connected to the image genera-
tion unit 6. The ultrasound probe 2 comprises a probe
posture angle detection unit 9, and a recommended posture
angle generation unit 11 is connected to the probe posture
angle detection unit 9. An image analysis unit 10 is con-
nected to the image generation unit 6 of the image acquisi-
tion unit 3, and the recommended posture angle generation
unit 11 is connected to the image analysis unit 10. A
recommended posture angle notification unit 12 is connected
to the recommended posture angle generation unit 11, and
the recommended posture angle notification unit 12 is con-
nected to the display control unit 7.

[0031] An apparatus control unit 13 is connected to the
image acquisition unit 3, the display control unit 7, the probe
posture angle detection unit 9, the image analysis unit 10, the
recommended posture angle generation unit 11, and the
recommended posture angle notification unit 12, and an
operation unit 14, a storage unit 15, and a memory 16 are
connected to the apparatus control unit 13. The apparatus
control unit 13 and the storage unit 15 are connected to each
other so that information can be transmitted and received
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bidirectionally, and the apparatus control unit 13 and the
memory 16 are connected to each other so that information
can be transmitted and received bidirectionally.

[0032] The transducer array 2A of the ultrasound probe 2
shown in FIG. 1 has a plurality of elements (ultrasound
transducer) arranged in a one-dimensional or two-dimen-
sional manner. According to a driving signal supplied from
the transmission circuit 5, each of the elements transmits an
ultrasound wave and receives an ultrasound echo from the
subject and outputs a reception signal. For example, each
element is formed by using a transducer in which electrodes
are formed at both ends of a piezoelectric body formed of
piezoelectric ceramic represented by lead zirconate titanate
(PZT), a polymer piezoelectric element represented by poly
vinylidene di fluoride (PVDF), piezoelectric single crystal
represented by lead magnesium niobate-lead titanate (PMN-
PT), or the like.

[0033] In a case where a pulsed or continuous-wave
voltage is applied to the electrodes of such a transducer, the
piezoelectric body expands and contracts to generate pulsed
or continuous-wave ultrasound waves from each transducer.
From the combined wave of these ultrasound waves, an
ultrasound beam is formed. The respective transducers
expand and contract by receiving the propagating ultrasound
waves, thereby generating electric signals. These electric
signals are output, as reception signals of the ultrasound
waves, from each transducer to the reception circuit 4.
[0034] As shown in FIG. 2, the reception circuit 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. In the reception
circuit 4, the amplification unit 17 amplifies the reception
signal output from each element of the transducer array 2A,
and the A/D conversion unit 18 converts the amplified signal
into a digital signal to obtain element data and outputs the
obtained element data to the image generation unit 6.
[0035] The transmission circuit 5 of the image acquisition
unit 3 includes, for example, a plurality of pulse generators.
Based on a transmission delay pattern selected according to
the control signal from the apparatus control unit 13, the
transmission circuit 5 adjusts the amount of delay of each
driving signal so that ultrasound waves transmitted from the
plurality of elements of the transducer array 2A form an
ultrasound beam, and supplies the obtained signals to the
plurality of elements.

[0036] As shown 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.

[0037] Based on the reception delay pattern selected
according to the control signal from the apparatus control
unit 13, the B mode processing unit 19 performs reception
focusing processing in which delays are given to respective
pieces of element data according to the set sound speed and
addition (phasing addition) is performed. Through the recep-
tion focusing processing, a sound ray signal with narrowed
focus of the ultrasound echo is generated. The B mode
processing unit 19 generates a B mode image signal, which
is tomographic image information regarding tissues inside
the subject, by correcting the attenuation of the sound ray
signal due to the propagation distance according to the depth
of the reflection position of the ultrasound wave and then
performing envelope detection processing. The B mode
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image signal generated by the B mode processing unit 19 is
output to the display control unit 7 and the image analysis
unit 10.

[0038] The image processing unit 20 converts (raster
conversion) the B mode image signal generated by the B
mode processing unit 19 into an image signal according to
the normal television signal scanning method and performs
various kinds of required image processing, such as grada-
tion processing, on the B mode image signal, and then
outputs the B mode image signal to the display control umt
7.

[0039] As shown in FIG. 1, the display control unit 7 of
ultrasound diagnostic apparatus 1 displays an ultrasound
diagnostic image on the display unit 8 based on the B mode
image signal acquired by the image acquisition unit 3.
[0040] The display unit 8 includes, for example, a display
device, such as a liquid crystal display (LCD), and displays
an ultrasound diagnostic image under the control of the
apparatus control unit 13.

[0041] The ultrasound probe 2 comprises the probe pos-
ture angle detection unit 9, and the probe posture angle
detection unit 9 detects the posture angle of the ultrasound
probe 2 that is brought into contact with the body surface of
the subject and tilted by the operator during ultrasound
diagnosis. In this case, the probe posture angle detection unit
9 detects the angles of three components defined based on
three axes perpendicular to each other in a three-dimensional
space. Here, the three axes perpendicular to each other in the
three-dimensional space are defined as follows. That is, a
direction perpendicular to the ultrasound wave emission
surface of the ultrasound probe 2 is defined as the x axis, and
directions perpendicular to each other along the ultrasound
wave emission surface of the ultrasound probe 2 are defined
as the y axis and the z axis, respectively. In this case, the
probe posture angle detection unit 9 detects an angle in a
case where the x axis is a horizontal direction as a pitch
angle, detects an angle in a case where the y axis is a
horizontal direction as a roll angle, and detects an angle in
a case where the z axis is a vertical direction as a yaw angle.
[0042] The probe posture angle detection unit 9 is not
particularly limited as long as the posture angle of the
ultrasound probe 2 can be detected. Although not shown, the
following description will be given on the assumption that
the probe posture angle detection unit 9 is attached to the
ultrasound probe 2, includes three angle sensors that detect
a pitch angle, a roll angle, and a yaw angle as electric
signals, and detects the posture angle of the ultrasound probe
2 as angle information by converting electric signals
acquired from the angle sensors into angle information.
[0043] The image analysis unit 10 performs image analy-
sis, such as pattern recognition, on the B mode image signal
generated by the B mode processing unit 19 of the image
generation unit 6 of the image acquisition unit 3, thereby
calculating the likelihood of an imaging part in the ultra-
sound image with respect to the examination part. Here, the
likelihood of the imaging part in the ultrasound image with
respect to the examination part in the present invention is a
numerical value indicating the likelihood of the imaging part
in the ultrasound image with respect to the examination part,
and it can be determined that, as the numerical value of the
likelihood becomes larger, the probability that the imaging
part in the ultrasound image is the examination part becomes
higher, that is, the imaging part in the ultrasound image is
clearly imaged as the examination part. For example, in a
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case where an ultrasound image of the heart is captured
using the ultrasound diagnostic apparatus 1, it can be deter-
mined that, as the numerical value of the likelihood of an
imaging part in the ultrasound image with respect to the
heart that is an examination part becomes larger, the imaging
part in the ultrasound image is more clearly imaged as the
heart that is an examination part.

[0044] The recommended posture angle generation unit 11
is a characteristic element of the present invention. The
recommended posture angle generation unit 11 sets, as a
recommended posture angle, a posture angle in a case where
the likelihood of the imaging part in the ultrasound image
calculated by the image analysis unit 10 is maximized while
the posture angle of the ultrasound probe 2 detected by the
probe posture angle detection unit 9 is changing over a
predetermined angle range including the basic posture angle
of the ultrasound probe 2. Here, the angle range refers to an
angle range having two different angles as upper and lower
limits. The basic posture angle is a posture angle of the
ultrasound probe 2 set in advance corresponding to the
examination part, and is a posture angle of the ultrasound
probe 2 at which the examination part of the subject can be
imaged so that the imaging part in the ultrasound image
becomes clear with respect to the general structure and
position of the examination part. Compared with the basic
posture angle, the recommended posture angle is generated
based on the posture angle of the ultrasound probe 2 during
ultrasound diagnosis and the image analysis result of the
captured ultrasound image. Therefore, the recommended
posture angle is a posture angle of the ultrasound probe 2 at
which the examination part of the subject can be imaged so
that the imaging part in the ultrasound image becomes clear
with respect to the unique structure and position of the
examination part of the subject who is a target of ultrasound
diagnosis.

[0045] The recommended posture angle notification unit
12 notifies the operator of the recommended posture angle
generated by the recommended posture angle generation
unit 11. The notification method of the recommended pos-
ture angle notification unit 12 is not particularly limited as
long as the operator can be notified of the recommended
posture angle. Hereinafter, the following description will be
given on the assumption that the recommended posture
angle notification unit 12 transmits instruction information
for displaying the recommended posture angle on the dis-
play unit 8 to the display control unit 7.

[0046] The apparatus control unit 13 controls each unit of
the ultrasound diagnostic apparatus 1 based on a command
input by the operator through the operation unit 14.

[0047] The operation unit 14 is for the operator to perform
an input operation, and can be configured to comprise a
keyboard, a mouse, a trackball, a touch panel, and the like.
[0048] The storage unit 15 stores an operation program
and the like of the ultrasound diagnostic apparatus 1, and
recording media, such as a hard disc drive (HDD), a solid
state drive (SSD), a flexible disc (FD), a magneto-optical
disc (MO), a magnetic tape (MT), a random access memory
(RAM), a compact disc (CD), a digital versatile disc (DVD),
a secure digital card (SD card), and a universal serial bus
memory (USB memory), or a server can be used.

[0049] The memory 16 stores an examination part label
for designating an examination part, the basic posture angle
of the ultrasound probe 2, the recommended posture angle of
the ultrasound probe 2, the posture angle of the ultrasound
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probe 2 detected by the probe posture angle detection unit 9,
the likelihood of an imaging part calculated by the image
analysis unit 10, and the like. As the memory 16, similarly
to the storage unit 15, recording media, such as an HDD, an
SSD, an FD, an MO disk, an MT, aRAM, a CD, a DVD, an
SD card, and a USB memory, a server, and the like can be
used.

[0050] The image generation unit 6 of the image acquisi-
tion unit 3, the display control unit 7, the image analysis unit
10, the recommended posture angle generation unit 11, the
recommended posture angle notification unit 12, and the
apparatus control unit 13 are configured by a central pro-
cessing unit (CPU) and an operation program causing the
CPU to execute various kinds of processing. However, these
may also be configured using a digital circuit and a com-
puter. The image generation unit 6, the display control unit
7, the image analysis unit 10, the recommended posture
angle generation unit 11, and the apparatus control unit 13
can also be integrated partially or entirely in one CPU.
Although the probe posture angle detection unit 9 may be
configured to include a CPU and an operation program
causing the CPU to execute various kinds of processing,
these may also be configured using a digital circuit and a
computer, and can be partially integrated in one CPU
together with the image generation unit 6, the display control
unit 7, the image analysis unit 10, the recommended posture
angle generation unit 11, and the apparatus control unit 13.
[0051] Next, the operation of the ultrasound diagnostic
apparatus 1 in the first embodiment will be described with
reference to the flowchart shown in FIG. 4. Here, it is
assumed that the examination part label and the basic
posture angle are stored in advance in the memory 16.
[0052] First, in step S1, the apparatus control unit 13
acquires an examination part label for designating a part of
a subject, which is to be imaged in the following steps, from
the memory 16. Thus, in the following steps, each unit of the
ultrasound diagnostic apparatus 1 performs processing cor-
responding to the examination part designated by the exami-
nation part label.

[0053] Here, in continuous diagnosis such as so-called
eFAST examination, an examination protocol that is the
order of examination parts to be subjected to ultrasound
diagnosis in examination facilities and the like is often
determined in advance in many cases. Therefore, in the
operation of the ultrasound diagnostic apparatus 1 to be
described below, description will be given on the assumption
that the examination part label sequentially transitions
according to a predetermined examination protocol.

[0054] In step S2, the apparatus control unit 13 further
acquires a basic posture angle corresponding to the exami-
nation part, which is designated by the examination part
label acquired in step S1, from the memory 16.

[0055] Insubsequent step S3, the apparatus control unit 13
transmits, to the display control unit 7, instruction informa-
tion for displaying the basic posture angle acquired in step
S2 on the display unit 8, and the display control unit 7
displays the basic posture angle on the display unit 8. In the
following steps, the operator brings the ultrasound probe 2
into contact with the body surface of the subject and tilts the
ultrasound probe 2 with reference to the basic posture angle
displayed on the display unit 8, thereby being able to capture
an ultrasound image.

[0056] Instep S4, while the operator brings the ultrasound
probe 2 into contact with the body surface of the subject and
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tilts the ultrasound probe 2, the posture angle of the ultra-
sound probe 2, that is, the pitch angle, the roll angle, and the
yaw angle of the ultrasound probe 2 are detected by the
probe posture angle detection unit 9.

[0057] In step S5, scanning and transmission and recep-
tion of ultrasound beams using a plurality of ultrasound
transducers of the transducer array 2A of the ultrasound
probe 2, that is, capturing of an ultrasound image, is per-
formed by the reception circuit 4 and the transmission circuit
5 of the image acquisition unit 3. In this case, a reception
signal is output to the reception circuit 4 from each ultra-
sound transducer that has received the ultrasound echo from
the subject, and amplification and A/D conversion of the
reception signal are performed by the amplification unit 17
and the A/D conversion unit 18 of the reception circuit 4 to
generate a reception signal.

[0058] In subsequent step S6, the reception signal is input
to the image generation unit 6, and a B mode image, that is,
an ultrasound image is generated by the B mode processing
unit 19 of the image generation unit 6.

[0059] Then, in a case where the ultrasound image gen-
erated in step S6 is input to the image analysis unit 10, image
analysis on the ultrasound image is performed by the image
analysis unit 10 and as a result, the likelihood of the imaging
part in the ultrasound image with respect to the examination
part is calculated in step S7. In this case, for example, the
image analysis unit 10 can perform pattern recognition, such
as a template matching, calculate the similarity between the
part included in the ultrasound image and the template of a
plurality of parts as a score, and sets the calculated score as
the likelihood of the imaging part in the ultrasound image.
[0060] The above-described steps S4 and S5 to S7 are
performed synchronously and in parallel. That is, by the
processing of steps S4 to S7, the posture angle of the
ultrasound probe 2 at the time of generating the ultrasound
image by the image generation unit 6 and the likelihood of
the imaging part in the generated ultrasound image can be
obtained in parallel.

[0061] Upon completion of the processing of steps S4 to
S7, the posture angle of the ultrasound probe 2 detected in
step S4 and the likelihood calculated in step S7 are displayed
together with the ultrasound image generated in step S6 on
the display unit 8, for example, as shown in FIG. 5. FIG. 5
shows a display example on the display unit 8 in a case
where the heart is imaged. In FIG. 5, the likelihood of an
imaging part with respect to the heart is displayed as a part
likelihood together with an ultrasound image 21, it is dis-
played that the examination part is the heart, and the basic
posture angle and the current posture angle of the ultrasound
probe 2 are displayed using numerical values as a pitch angle
Op, a roll angle Br, and a yaw angle 6g and a radar chart 22.
In the radar chart 22, for example, as shown in FIG. 6, a
graph 22a for the basic posture angle and a graph 225 for the
posture angle of the current ultrasound probe 2 are displayed
with the pitch angle 6p, the roll angle 6r, and the yaw angle
Bg as three axes. An annotation image 22¢ for explaining the
two graphs 22a and 2256 displayed within the radar chart 22
can also be displayed on the radar chart 22.

[0062] As described above, the operator can clearly image
the examination part of the subject according to the basic
posture angle by tilting the ultrasound probe 2 so that the
radar chart and the numerical value of the current posture
angle of the ultrasound probe 2 match the radar chart and the
numerical value of the basic posture angle.
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[0063] In step S8 subsequent to steps S4 to S7, the
apparatus control unit 13 determines whether or not the
examination part of the subject being currently examined
has transitioned to another part. For example, in a case
where the examination part transitions from the heart to the
lung, the apparatus control unit 13 determines that the
examination part has been changed. In general, in a case
where the examination part is changed, the ultrasound probe
2 is separated from the body surface of the subject to become
in an air radiation state. By detecting the air radiation state,
that is, a state in which the reflection signal from the
transducer array 2A cannot be obtained in the reception
circuit 4, it is possible to determine the presence or absence
of transition of the examination part. In a case where it is
determined that the examination part has transitioned in step
S8, the process returns to step S1 to acquire a new exami-
nation part label according to the predetermined examina-
tion protocol, and the processing of steps S2 to S7 is newly
performed thereafter.

[0064] In a case where it is determined that the examina-
tion part has not been changed, that is, the same examination
part is examined in step S8, the process proceeds to step S9.
[0065] Instep S9, the apparatus control unit 13 determines
whether or not to end the examination being currently
performed. For example, in a case where the operator inputs
instruction information for ending the examination to the
apparatus control unit 13 through the operation unit 14, the
apparatus control unit 13 determines that the examination
being currently performed is to be ended. In a case where the
apparatus control unit 13 determines that the examination is
to be ended as described above, the current examination in
the ultrasound diagnostic apparatus 1 is ended.

[0066] Forexample, in a case where the operator does not
input instruction information for ending the examination
through the operation unit 14, the apparatus control unit 13
determines that the examination being currently performed
1s not to be ended. In a case where the apparatus control umt
13 determines that the examination is not to be ended as
described above, the process proceeds to step S10.

[0067] Instep S10, the apparatus control unit 13 stores the
posture angle of the ultrasound probe 2 detected in step S4
and the likelihood of the imaging part calculated in step S7
in the memory 16.

[0068] In subsequent step S11, the apparatus control unit
13 determines whether or not the posture angle of the
ultrasound probe 2 detected in step S4 has changed once
over a predetermined angle range including the basic posture
angle displayed in step S3. Here, “the posture angle of the
ultrasound probe 2 changes once over the predetermined
angle range” means that a series of changes, such as a
change in the posture angle of the ultrasound probe 2 from
a value exceeding the upper limit of the predetermined angle
range to a value in the angle range and a change from the
value in the angle range to a value less than the lower limit
of the angle range, are made once. In addition, similarly to
the above, “the posture angle of the ultrasound probe 2
changes once over the predetermined angle range” refers to
one-time change from a value less than the lower limit of the
angle range to a value exceeding the upper limit.

[0069] In step S11, in a case where the apparatus control
unit 13 determines that the posture angle of the ultrasound
probe 2 has not changed in one direction as described above
over the predetermined angle range including the basic
posture angle displayed in step S3, the process returns to
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step S4 and step S5. In this case, generation of an ultrasound
image, detection of the posture angle of the ultrasound probe
2, and calculation of the likelihood of an imaging part are
newly performed, and the newly detected posture angle of
the ultrasound probe 2 and the newly calculated likelihood
of the imaging part are newly stored in the memory 16.
Thus, as a result of the tilting of the ultrasound probe 2 by
the operator while repeating the steps S4 to S10, in a case
where the apparatus control unit 13 determines that the
posture angle of the ultrasound probe 2 has changed in one
direction as described above over the predetermined angle
range, the process proceeds to step S12.

[0070] In step S12, the apparatus control unit 13 acquires
a maximum likelihood among the plurality of likelihoods
stored in the memory 16 in a case where the processing of
steps S4 to S11 is repeated, and acquires the posture angle
of the ultrasound probe 2 corresponding to the maximum
likelihood, that is, the posture angle of the ultrasound probe
2 detected in synchronization with the maximum likelihood.
[0071] In subsequent step S13, the recommended posture
angle generation unit 11 sets the posture angle of the
ultrasound probe 2 acquired in step S12 as a recommended
posture angle for the current examination patt.

[0072] In subsequent step S14, the recommended posture
angle notification unit 12 transmits, to the display control
unit 7, instruction information for displaying the recom-
mended posture angle acquired in step S13 on the display
unit 8 instead of the basic posture angle. As a result, on the
display unit 8, the recommended posture angle is displayed
at the location where the basic posture angle is displayed.

[0073] Upon completion of step S14, the process returns
to step S4 and step S5. In the subsequent processing, as long
as the examination part does not transition in step S8 or as
long as the end of the examination is not determined in step
S9, the processing of steps S4 to S14 is repeated. At this
time, in a case where a likelihood greater than the likelihood
of the imaging part corresponding to the recommended
posture angle acquired in step S13 is calculated, the maxi-
mum likelihood is updated in step S12, the posture angle of
the ultrasound probe 2 corresponding to the updated likeli-
hood is set as a new recommended posture angle in step S13,
and the new recommended posture angle is displayed on the
display unit 8 in step S14.

[0074] As described above, according to the first embodi-
ment of the present invention, it is possible to obtain a
recommended posture angle that is an optimal posture angle
of the ultrasound probe 2 at which the examination part of
the subject can be clearly imaged in accordance with the
structure, the position, and the like of the part of the subject,
and the operator can be notified of the recommended posture
angle by displaying the recommended posture angle on the
display unit 8. Therefore, the operator can clearly image the
part even in a case where the subject is changed by capturing
an ultrasound image while referring to the recommended
angle displayed on the display unit 8.

[0075] Although the case is exemplified in which an angle
sensor is used as the probe posture angle detection unit 9, the
probe posture angle detection unit 9 is not particularly
limited as long as the posture angle of the ultrasound probe
2 can be detected. For example, an acceleration sensor, a
gyro sensor, a magnetic sensor, a global positioning system
(GPS) sensor, and the like can be used as the probe posture
angle detection unit 9. In this case, it is possible to provide
an apparatus that converts an electric signal obtained from
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each sensor into the posture angle of the ultrasound probe 2
using a known calculation method. These sensors may be
mounted on the ultrasound probe 2 or may be built into the
ultrasound probe 2.

[0076] In step S1 of FIG. 4, the examination part label is
acquired according to the examination protocol, but the
method of acquiring the examination part label is not
particularly limited. That is, the examination part label can
also be input to the operator through the operation unit 14,
or can also be determined by performing part determination
by the ultrasound diagnostic apparatus 1.

[0077] In a case where the examination part label is
determined by part determination, it is possible to perform
part determination using image analysis, for example. In this
case, for example, prior to acquiring the examination part
label, an ultrasound image can be generated by the same
processing as in steps S5 and S6, likelihoods of respective
imaging parts with respect to a plurality of examination parts
can be calculated by analyzing the generated ultrasound
image, and an examination part corresponding to the maxi-
mum likelihood among the likelihoods can be set as an
examination part label. In this case, for example, in the
display example shown in FIG. 5, the likelihood of each
imaging part with respect to a plurality of examination parts
may be displayed in the part likelihood field displayed on the
display unit 8, or the examination part field may be dis-
played as a determination result field and the examination
part determined as the examination label in the field may be
displayed. The part determination is not limited to the
method described above. For example, the apparatus control
unit 13 can perform part determination by a known method
using a result of motion analysis or the like on imaging parts
in a plurality of captured ultrasound images.

[0078] In the display example shown in FIG. 5, an image
showing the relationship between the ultrasound probe 2 and
the x axis, the y axis, and the z axis and the relationship
between the ultrasound probe 2 and the pitch angle 8p, the
roll angle 6r, and the yaw angle 8g can also be added. In this
case, the operator can easily check how the pitch angle 0p,
the roll angle 6Or, and the yaw angle 6g displayed on the
display unit 8 are defined. Therefore, even an operator
unfamiliar with the ultrasound diagnostic apparatus 1 can
clearly image the examination part of the subject relatively
easily by tilting the ultrasound probe 2 while referring to the
display on the display unit 8.

[0079] Insteps S3 and S14, in order to notify the operator
of the basic posture angle and the recommended posture
angle, the apparatus control unit 13 and the recommended
posture angle notification unit 12 transmit, to the display
control unit 7, instruction information for displaying the
basic posture angle and the recommended posture angle on
the display unit 8. However, the notification method of the
basic posture angle and the recommended posture angle is
not particularly limited to the method. For example, the
recommended posture angle notification unit 12 and the
apparatus control unit 13 can also notify the operator of the
basic posture angle and the recommended posture angle by
sound. In addition, apart from the recommended posture
angle notification unit 12 and the apparatus control unit 13,
it is also possible to provide an apparatus for notifying the
operator of the basic posture angle and the recommended
posture angle using a sound.

[0080] In the display examples shown in FIGS. 5 and 6,
the basic posture angle and the current posture angle of the
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ultrasound probe 2 are displayed using the radar chart 22.
However, it is needless to say that the basic posture angle
and the current posture angle of the ultrasound probe 2 can
also be displayed using other display methods. For example,
it is also possible to display the basic posture angle and the
posture angle of the ultrasound probe 2 using a graph image
other than the radar chart 22, such as a bar graph.

[0081] Alternatively, a model of an ultrasound probe can
be displayed so as to be superimposed on a schema that is
a two-dimensional display of a model of the human body,
and a guide showing a rotation direction aiming at the basic
posture angle with respect to the current posture angle of the
ultrasound probe 2 can be displayed. The guide display may
be displayed using an image, such as an arrow, or may be
accompanied by sound.

[0082] The posture angle of the ultrasound probe 2
includes a pitch angle, a roll angle, and a yaw angle, but
guidance can be performed using screen display, sound, and
the like for each component of the three components, or can
be performed at the same time for a plurality of components.

[0083] Needless to say, the same display method and the
guide method as for the basic posture angle can be applied
to the recommended posture angle.

[0084] Instep S6,the B mode image is generated using the
element data obtained by ultrasound beam scanning in step
S5. However, measurement information, such as the Dop-
pler information and modulus-of-elasticity information of
the imaging part, can be displayed so as to be superimposed
on the B mode image. For example, a Doppler image
generation unit is provided in the ultrasound diagnostic
apparatus 1, Doppler measurements, such as color Doppler
measurement and power Doppler measurement, are pet-
formed at the time of ultrasound beam scanning in step S5,
and a colored image obtained by the Doppler measurement
is displayed so as to be superimposed on the B mode image,
so that it is possible to generate a Doppler image, such as a
color Doppler image or a power Doppler image. In addition,
for example, at the time of ultrasound beam scanning in step
S5, the modulus of elasticity of the imaging part can be
measured. In this case, for example, a modulus-of-elasticity
image generation unit is provided in the ultrasound diag-
nostic apparatus 1, and a modulus-of-elasticity map obtained
by modulus-of-elasticity measurement is displayed so as to
be superimposed on the B mode image, so that it is possible
to generate a modulus-of-elasticity image.

[0085] In addition, the likelihood of the imaging part is
calculated by performing pattern recognition on the B mode
image generated in step S6. However, the present invention
is not limited to the pattern recognition as long as the
likelihood of the imaging part can be calculated. For
example, in a case where measurement, such as Doppler
measurement and modulus-of-elasticity measurement, is
performed on the imaging part at the time of ultrasound
beam scanning in step S5, the likelihood of the imaging part
can also be calculated by analyzing the measurement results.
For example, in a case where Doppler measurements, such
as color Doppler measurement and power Doppler measure-
ment, are performed on the imaging part, the likelihood of
the imaging part can be calculated by analyzing the Doppler
information, such as the distribution of the blood flow and
the speed of the blood flow in the imaging part, and referring
to the look-up table stored in advance in the storage unit 15
or the memory 16.
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[0086] Steps S4 and S5 to S7 are performed synchro-
nously and in parallel. However, steps S4 and S5 to S7 may
not be performed synchronously and in parallel as long as
the posture angle of the ultrasound probe 2 detected in step
S4 and the likelihood of the imaging part calculated in step
S7 can be associated with each other. That is, as long as the
posture angle detected in step S4 and the likelihood calcu-
lated in step S7 are stored so as to be associated with each
other in step S10, steps S5 to S7 may be performed imme-
diately after step S4 is completed, or step S4 may be
performed immediately after step S7 is completed.

[0087] In addition, the posture angle of the ultrasound
probe 2 detected in step S4 and the likelihood of the imaging
part calculated in step S7 are stored in the memory 16 in step
S10. However, the timing at which the detected posture
angle of the ultrasound probe 2 and the calculated likelihood
of the imaging part are stored may be any timing as long as
the timing is in a range from the completion time of step S4
and step S7 to immediately before step S11. For example,
the posture angle of the ultrasound probe 2 detected imme-
diately after completion of step S4 can be stored in the
memory 16, and the likelihood of the imaging part can be
stored in the memory 16 immediately after completion of
step S7.

[0088] The angle range used in step S11 is not particularly
limited as long as the basic posture angle is included therein.
In a case where the posture angle of the ultrasound probe 2
is changed with the basic posture angle as a reference, it is
preferable to use a predetermined angle range having a
certain range on the upper limit side and the lower limit side
with the basic posture angle as the center. In this case, in a
case where step S11 is performed again without transition of
the examination part after the recommended posture angle is
obtained in step S13, it is preferable to use a predetermined
angle range having a recommended posture angle at the
center instead of the basic posture angle. In this manner, by
changing the posture angle of the ultrasound probe 2 around
a more appropriate recommended posture angle, it is pos-
sible to obtain a recommended posture angle at which the
examination part of the subject can be more clearly imaged
each time the processing of steps S4 to S14 is repeated.
[0089] Incidentally, in step S11, the apparatus control unit
13 can perform determination using one predetermined
angle, that is, the basic posture angle acquired in step S2,
instead of performing determination as to whether or not the
posture angle of the ultrasound probe 2 detected in step S4
has changed once over an angle range that includes the basic
posture angle and has predetermined different upper and
lower limits.

[0090] Here, instead of step S11, in a case where the
apparatus control unit 13 performs determination using the
basic posture angle, the apparatus control unit 13 determines
whether or not the posture angle of the ultrasound probe 2
detected in step S4 has changed in one direction across the
basic posture angle. That is, the apparatus control unit 13
determines whether or not the posture angle of the ultra-
sound probe 2 has changed from an angle less than the basic
posture angle to an angle exceeding the basic posture angle
or determines whether or not the posture angle of the
ultrasound probe 2 has changed from an angle exceeding the
basic posture angle to an angle less than the basic posture
angle.

[0091] In this step, in a case where the apparatus control
unit 13 determines that the posture angle of the ultrasound
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probe 2 has not changed in one direction across the basic
posture angle, the process returns to step S4 and step S5. On
the other hand, in a case where the apparatus control unit 13
determines that the posture angle of the ultrasound probe 2
has changed in one direction across the basic posture angle,
the process proceeds to step S12.

[0092] 1In a case where generation and display of a rec-
ommended posture angle are performed in subsequent steps
S13 and S14 and a step is performed to determine again
whether or not the posture angle of the ultrasound probe 2
has changed in one direction across one predetermined
angle, the recommended posture angle generated in step S13
is used as the one predetermined angle.

[0093] As described above, also in the case of performing
a step of determining whether or not the posture angle of the
ultrasound probe 2 has changed in one direction across one
predetermined angle instead of step S11 of determining
whether or not the posture angle of the ultrasound probe 2
has changed once over the predetermined angle range
including the basic posture angle, it is possible to obtain a
recommended posture angle that is an optimum posture
angle of the ultrasound probe 2 at which the examination
part of the subject can be clearly imaged in accordance with
the structure, the position, and the like of the part of the
subject.

[0094] Since the ultrasound diagnostic apparatus 1
described above is small, the ultrasound diagnostic appara-
tus 1 may be a portable ultrasound diagnostic apparatus that
can be easily carried and used, or may be a stationary
ultrasound diagnostic apparatus that is installed and used in
the examination room or the like.

[0095] The ultrasound probe 2 is not particularly limited
as long as transmission of an ultrasound beam toward the
subject and reception of an ultrasound beam reflected from
the subject are possible, and may be in the form of a sector
type, a convex type, a linear type, a radial type, or the like.

Second Embodiment

[0096] In the first embodiment, as shown in FIG. 4, the
posture angle of the ultrasound probe 2 at which the likeli-
hood of the imaging part is maximized in a case where the
posture angle of the ultrasound probe 2 detected by the probe
posture angle detection unit 9 has changed in one direction
over the predetermined angle range is set as a recommended
posture angle. However, in order to improve the clarity of
the imaging part in the ultrasound image, that is, in order to
acquire a more appropriate posture angle for the subject, it
is also possible to change the posture angle of the ultrasound
probe 2 detected by the probe posture angle detection unit 9
in a reciprocating manner over the predetermined angle
range.

[0097] The flowchart of FIG. 7 shows the operation of an
ultrasound diagnostic apparatus according to a second
embodiment of the present invention. The ultrasound diag-
nostic apparatus of the second embodiment is the same as
the ultrasound diagnostic apparatus 1 of the first embodi-
ment shown in FIGS. 1 to 3. Therefore, in the following
description, the same reference numerals as for the elements
of the ultrasound diagnostic apparatus 1 are used, and the
detailed description of each element will be omitted.
[0098] Steps S1 to S10 in the second embodiment shown
in FIG. 7 are the same as steps Si to S10 in the first
embodiment shown in FIG. 4. After acquisition of the
examination part label, acquisition and display of the basic
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posture angle, detection of the posture angle of the ultra-
sound probe 2, generation of the ultrasound image, and
calculation of the likelihood of the imaging part, determi-
nation as to whether or not the examination part has tran-
sitioned and determination as to whether or not to end the
examination are performed. In a case where the posture
angle of the ultrasound probe 2 detected in step S4 and the
likelihood of the imaging part calculated in step S7 are
stored in the memory 16 in step S10, the process proceeds
to step S15.

[0099] In step S15, the apparatus control unit 13 deter-
mines whether or not the posture angle of the ultrasound
probe 2 detected in step S4 has changed in a reciprocating
manner over a predetermined angle range including the
basic posture angle displayed in step S3. Here, “the posture
angle of the ultrasound probe 2 changes in a reciprocating
manner over a predetermined angle range” means that the
posture angle of the ultrasound probe 2 changes from a value
less than the lower limit of the predetermined angle range to
a value exceeding the upper limit immediately after chang-
ing from a value exceeding the upper limit of the predeter-
mined angle range to a value less than the lower limit or, on
the contrary, that the posture angle of the ultrasound probe
2 changes from a value less than the lower limit of the
predetermined angle range so as to return to the value less
than the lower limit through the value exceeding the upper
limit.

[0100] In step S15, in a case where the apparatus control
unit 13 determines that the posture angle of the ultrasound
probe 2 has not changed in a reciprocating manner over the
predetermined angle range including the basic posture angle
displayed in step S3, the process returns to step S4 and step
S5. In this case, as in the first embodiment, generation of an
ultrasound image, detection of the posture angle of the
ultrasound probe 2, and calculation of the likelihood of an
imaging part are newly performed, and the newly detected
posture angle of the ultrasound probe 2 and the newly
calculated likelihood of the imaging part are newly stored in
the memory 16. Thus, as a result of the tilting of the
ultrasound probe 2 by the operator while repeating the steps
S4 to S10, in a case where the apparatus control unit 13
determines that the posture angle of the ultrasound probe 2
has changed in a reciprocating manner over the predeter-
mined angle range, the process proceeds to step S12.
[0101] Subsequent steps S12 to S14 are the same as steps
S12 to S14 in the first embodiment shown in FIG. 4. That is,
the posture angle of the ultrasound probe 2 corresponding to
the maximum likelihood among the plurality of likelihoods
stored in the memory 16 is set as a recommended posture
angle and the recommended posture angle is displayed on
the display unit 8, and the process returns to step S4 and step
Ss.

[0102] As described above, by changing the posture angle
of the ultrasound probe 2 in a reciprocating manner over the
predetermined angle range rather than changing the posture
angle of the ultrasound probe 2 in one direction over the
predetermined angle range, it is possible to increase the
sampling number of the likelihood of the imaging part and
the posture angle of the ultrasound probe 2 in the predeter-
mined angle range. Therefore, according to the second
embodiment of the present invention, since the probability
of acquiring a more appropriate recommended posture angle
for the subject can be increased, the operator can image the
examination part of the subject more clearly.
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[0103] Also in the second embodiment described above,
as in the first embodiment, determination using one prede-
termined angle can be performed instead of performing
determination using an angle range having predetermined
different upper and lower limits as in step S15. In a case
where the predetermined angle is the basic posture angle
acquired in step S2, in a step (not shown) replacing step S15,
the apparatus control unit 13 determines whether or not the
posture angle of the ultrasound probe 2 detected in step S4
has changed in a reciprocating manner across the basic
posture angle. That is, the apparatus control unit 13 deter-
mines whether or not the posture angle of the ultrasound
probe 2 has changed from an angle less than the basic
posture angle to an angle exceeding the basic posture angle
and has changed from an angle exceeding the basic posture
angle to an angle less than the basic posture angle.

[0104] In this step, in a case where the apparatus control
unit 13 determines that the posture angle of the ultrasound
probe 2 has not changed in a reciprocating manner across the
basic posture angle, the process returns to step S4 and step
S5. On the other hand, in a case where the apparatus control
unit 13 determines that the posture angle of the ultrasound
probe 2 has changed in a reciprocating manner across the
basic posture angle, the process proceeds to step S12.

Third Embodiment

[0105] FIG. 8 shows the configuration of an ultrasound
diagnostic apparatus according to a third embodiment of the
present invention. An ultrasound diagnostic apparatus 23
shown in FIG. 8 is the same as the ultrasound diagnostic
apparatus 1 shown in FIGS. 1 to 3 except that a probe
angular speed detection unit 24 and a probe tilt warning unit
25. Therefore, in the ultrasound diagnostic apparatus 23, the
same reference numerals are used for the same elements as
in the ultrasound diagnostic apparatus 1, and the detailed
description of each element will be omitted.

[0106] As shown in FIG. 8, the ultrasound probe 2 com-
prises the probe angular speed detection unit 24, and the
apparatus control unit 13 is connected to the probe angular
speed detection unit 24. The probe tilt warning unit 25 is
connected to the apparatus control unit 13, and the probe tilt
warning unit 25 is connected to the display control unit 7.
[0107] The probe angular speed detection unit 24 detects
the angular speed of the ultrasound probe 2 that is brought
into contact with the body surface of the subject and tilted
by the operator. In this case, the probe angular speed
detection unit 24 detects the angular speeds of three com-
ponents centered on three axes perpendicular to each other
in a three-dimensional space. For example, it is possible to
detect three angular speeds centered on the x axis, the y axis,
and the 7 axis described above with respect to the ultrasound
probe 2. In the following description, it is assumed that the
probe angular speed detection unit 24 detects the three
angular speeds of three components centered on the x axis,
the y axis, and the z axis.

[0108] The probe angular speed detection unit 24 is not
particularly limited as long as the angular speed of the
ultrasound probe 2 can be detected. Although not shown, the
following description will be given on the assumption that
the probe angular speed detection unit 24 is attached to the
ultrasound probe 2, includes a gyro sensor that detects the
angular speeds of three components centered on the x axis,
the y axis, and the z axis as electric signals, and detects
angular speed information of the ultrasound probe 2 by
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converting the electric signal obtained from the gyro sensor
into angular speed information.

[0109] The probe tilt warning unit 25 warns the operator
that the ultrasound probe 2 is to be continuously tilted in a
case where the angular speed of the ultrasound probe 2
detected by the probe angular speed detection unit 24
becomes equal to or less than a determined value. Although
The probe tilt warning unit 25 can warn the operator that the
ultrasound probe 2 is to be continuously tilted using various
methods, the following description will be given on the
assumption that the probe tilt warning unit 25 transmits, to
the display control unit 7, instruction information for dis-
playing a text to continuously tilt the ultrasound probe 2 on
the display unit 8.

[0110] Next, the operation of the ultrasound diagnostic
apparatus 23 according to the third embodiment will be
described with reference to the flowchart shown in FIG. 9.
[0111] Steps S1 to S11 are the same as steps S1 to S11 in
the flowchart according to the first embodiment shown in
FIG. 4. Acquisition of the examination part label, acquisition
of the basic posture angle, display of the basic posture angle
on the display unit 8, detection of the posture angle of the
ultrasound probe 2, generation of the ultrasound image, and
calculation of the likelihood of the examination part are
performed., and determination as to whether or not the
examination part has transitioned and determination as to
whether or not to end the examination are performed. In
addition, the posture angle detected in step S4 and the
likelihood of the imaging part calculated in step S7 are
stored in the memory 16, and it is determined whether or not
the detected posture angle of the ultrasound probe 2 has
changed in one direction over the predetermined angle
range.

[0112] In this case, in a case where the apparatus control
unit 13 determines that the posture angle of the ultrasound
probe 2 detected in step S4 has not changed in one direction
over the predetermined angle range in step S11, the process
proceeds to step S16.

[0113] In step S16, while the operator brings the ultra-
sound probe 2 into contact with the body surface of the
subject and tilts the ultrasound probe 2, the angular speed of
the ultrasound probe 2 is detected by the probe angular speed
detection unit 24.

[0114] In subsequent step S17, the apparatus control unit
13 determines whether or not the posture angle of the
ultrasound probe 2 is within a predetermined angle range
and whether or not the absolute value of the angular speed
of the ultrasound probe 2 detected in step S24 is equal to or
less than a predetermined value V. The value V is set to a
positive value close to “0”, for example. Then, in a case
where the apparatus control unit 13 determines that the
angular speed of the ultrasound probe 2 exceeds the prede-
termined value V, it is determined that the ultrasound probe
2 is in contact with the body surface of the subject and is
continuously tilted, and the process returns to step S4 and
step S5. On the other hand, in a case where it is determined
that the absolute value of the angular speed of the ultrasound
probe 2 is equal to or less than the predetermined value V,
it is determined that the tilting of the ultrasound probe 2 by
the operator is about to stop, and the process proceeds to step
S18.

[0115] In step S18, the probe tilt warning unit 25 transmits
instruction information, which is for displaying a warning
that the ultrasound probe 2 is to be continuously tilted
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without being stopped on the display unit 8, to the display
control unit 7 under the control of the apparatus control unit
13. As a result, a warning that the ultrasound probe 2 is to
be continuously tilted is displayed on the display unit §.
[0116] Upon completion of step S18, the process returns to
step S4 and step S5.

[0117] In this manner, as long as it is not determined that
the posture angle of the ultrasound probe 2 has changed in
one direction over the predetermined angle range in step
S11, steps S4 to S11 and steps S16 to S18 are repeated. In
a case where it is determined that the posture angle of the
ultrasound probe 2 has changed in one direction over the
predetermined angle range in step S11, the process proceeds
to step S12. Steps S12 to S14 are the same as steps S12 to
S14 in the flowchart according to the first embodiment
shown in FIG. 4, and the posture angle of the ultrasound
probe 2 at which the likelihood of the imaging part is
maximized is set as a recommended posture angle and the
recommended posture angle is displayed on the display unit
8 instead of the basic posture angle.

[0118] As described above, according to the third embodi-
ment of the present invention, in a case where the tilting of
the ultrasound probe 2 is about to stop while the ultrasound
probe 2 is being tilted by the operator, a warning that the
ultrasound probe 2 is to be continuously tilted is given to the
operator. As a result, it is possible to promote a change in the
posture angle of the ultrasound probe 2, that is, it is possible
to promote generation of a recommended posture angle.
[0119] A gyro sensor that detects the angular speeds of
three components centered on the x axis, the y axis, and the
z axis in the ultrasound probe 2 is used as the probe angular
speed detection unit 24. However, the probe angular speed
detection unit 24 is not particularly limited as long as the
angular speeds of at least three components of the ultrasound
probe 2 can be detected. For example, as the probe angular
speed detection unit 24, a plurality of gyro sensors that
detect only the angular speed of one component can be used,
or a plurality of gyro sensors that detect the angular speeds
of two components can be used, or a combination of these
gyro sensors can be used. Instead of the gyro sensor, an
acceleration sensor, a magnetic sensor, a GPS sensor, and the
like can also be used. In this case, it is possible to provide
an apparatus that converts an electric signal obtained from
each sensor into the angular speed of the ultrasound probe 2
using a known calculation method. These sensors may be
mounted on the ultrasound probe 2 or may be built into the
ultrasound probe 2.

[0120] In addition, a sensor for calculating the posture
angle of the ultrasound probe 2 and a sensor for calculating
the angular speed of the ultrasound probe 2 can be the same
sensor. In this case, a conversion apparatus for converting
the electric signal obtained from the sensor into the posture
angle of the ultrasound probe 2 and a conversion apparatus
for converting the electric signal obtained from the sensor
into the angular speed of the ultrasound probe 2 can be
provided in the probe posture angle detection unit 9 and the
probe angular speed detection unit 24, respectively.

[0121] The probe tilt warning unit 25 transmits, to the
display control unit 7, instruction information for displaying
a text to continuously tilt the ultrasound probe 2 on the
display unit 8. However, the warning method of the probe
tilt warning unit 25 is not limited thereto as long as a
warning that the ultrasound probe 2 is to be continuously
tilted can be given to the operator. For example, the probe tilt
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warning unit 25 can also transmit, to the display control unit
7, instruction information for displaying an image to con-
tinuously tilt the ultrasound probe 2 on the display unit 8.
[0122] The warning to the operator by the probe tilt
warning unit 25 is not limited to that displayed on the
display unit 8. For example, an apparatus for generating a
sound, such as a speaker, can be provided in the ultrasound
diagnostic apparatus 23. In this case, the probe tilt warning
unit 25 can generate a sound to continuously tilt the ultra-
sound probe 2 in the apparatus for generating a sound. In
addition, for example, a light source, such as a lamp, can be
provided in the ultrasound diagnostic apparatus 23. In this
case, the probe tilt warning unit 25 can turn on the lamp or
the like as a warning that the ultrasound probe 2 is to be
continuously tilted.

[0123] The warning of the probe tilt warning unit 25 can
include guide information indicating the tilting direction of
the ultrasound probe 2. Here, for example, in a case where
the posture angle of the ultrasound probe 2 changes from a
value exceeding the upper limit of the predetermined angle
range to a value within the angle range, the guide informa-
tion refers to an image such as an arrow and a text for giving
an instruction to change the posture angle of the ultrasound
probe 2 to a value less than the lower limit of the angle
range, a sound, and the like. On the contrary, for example,
in a case where the posture angle of the ultrasound probe 2
changes from a value less than the lower limit of the
predetermined angle range to a value within the angle range,
the guide information refers to an image such as an arrow
and a text for giving an instruction to change the posture
angle of the ultrasound probe 2 to a value exceeding the
upper limit of the angle range, a sound, and the like.
[0124] In step S17, the apparatus control unit 13 deter-
mines whether or not the absolute value of the angular speed
of the ultrasound probe 2 detected in step S16 is equal to or
less than the predetermined value V. However, it is prefer-
able that the predetermined value V is a small value so as not
to disturb the examination due to excessive warning in step
S18.

Fourth Embodiment

[0125] In the third embodiment, as shown in FIG. 9, the
posture angle of the ultrasound probe 2 at which the likeli-
hood of the imaging part is maximized in a case where the
posture angle of the ultrasound probe 2 detected by the probe
posture angle detection unit 9 has changed in one direction
over the predetermined angle range is set as a recommended
posture angle. However, as in the second embodiment
described with reference to the flowchart shown in FIG. 7,
the posture angle of the ultrasound probe 2 at which the
likelihood of the imaging part is maximized in a case where
the posture angle of the ultrasound probe 2 detected by the
probe posture angle detection unit 9 has changed in a
reciprocating manner over the predetermined angle range
may be set as a recommended posture angle.

[0126] The flowchart of FIG. 10 shows the operation of an
ultrasound diagnostic apparatus according to a fourth
embodiment. The ultrasound diagnostic apparatus of the
fourth embodiment is the same as the ultrasound diagnostic
apparatus 23 of the third embodiment shown in FIG. 8.
Therefore, in the following description, the same reference
numerals as for the elements forming the ultrasound diag-
nostic apparatus 23 are used, and the detailed description of
each element will be omitted. Here, the flowchart shown in
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FIG. 10 is the same as the flowchart of the third embodiment
shown in FIG. 9 except that step S15 is perfornied instead
of step S11. In addition, step S15 in the flowchart of FIG. 10
is the same as step S15 in the flowchart of the second
embodiment shown in FIG. 7.

[0127] In the fourth embodiment, in a case where the
apparatus control unit 13 determines that the posture angle
of the ultrasound probe 2 detected in step S4 has not changed
in a reciprocating manner over the predetermined angle
range in step S15, the process proceeds to step S16. In
subsequent steps S16 to S18, the angular speed of the
ultrasound probe 2 is detected, and the process returns to
step S4 and step S5 in a case where the absolute value of the
angular speed exceeds the predetermined value V. On the
other hand, in a case where the absolute value of the angular
speed of the ultrasound probe 2 is equal to or less than the
predetermined value V, a warning that the ultrasound probe
2 is to be continuously tilted is given by the probe tilt
warning unit 25, and then the process returns to step S4 and
step SS.

[0128] Therefore, according to the fourth embodiment of
the present invention, rather than changing the posture angle
of the ultrasound probe 2 in one direction over the prede-
termined angle range, it is possible to increase the sampling
number of the likelihood of the imaging part and the posture
angle of the ultrasound probe 2 in the predetermined angle
range. In addition, by warning the operator that the ultra-
sound probe 2 is to be continuously tilted in a case where the
tilting of the ultrasound probe 2 is about to stop while the
operator is changing the posture angle of the ultrasound
probe 2 in a reciprocating manner over the predetermined
angle range, it is possible to promote generation of a
recommended posture angle.

[0129] While the ultrasound diagnostic apparatus accord-
ing to the embodiment of the present invention has been
described in detail, the present invention is not limited to the
above-described embodiments, and various improvements
and modifications may be made without departing from the
scope and spirit of the present invention. In addition, the
plurality of examples shown above can be appropriately
used in combination.

EXPLANATION OF REFERENCES

[0130] 1, 23: ultrasound diagnostic apparatus
[0131] 2: ultrasound probe

[0132] 2A: transducer array

[0133] 3: image acquisition unit

[0134] 4: reception circuit

[0135] 5: transmission circuit

[0136] 6: image generation unit

[0137] 7: display control unit

[0138] 8: display unit

[0139] 9: probe posture angle detection unit

[0140] 10: image analysis unit

[0141] 11: recommended posture angle generation unit
[0142] 12: recommended posture angle notification unit
[0143] 13: apparatus control unit

[0144] 14: operation unit

[0145] 15: storage unit

[0146] 16: memory

[0147] 17: amplification unit

[0148] 18: A/D conversion unit

[0149] 19: B mode processing unit

[0150] 20: image processing unit
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[0151] 21: ultrasound image

[0152] 22: radar chart

[0153] 224, 22b: graph

[0154] 22¢: annotation image

[0155] 24: probe angular speed detection unit
[0156] 25: probe tilt warning unit

What is claimed is:
1. An ultrasound diagnostic apparatus, comprising;
an ultrasound probe;
a probe posture angle sensor that detects a posture angle
of the ultrasound probe; and
a central processing unit and an operation program caus-
ing the central processing unit to: generate an ultra-
sound image by transmitting an ultrasound beam from
the ultrasound probe toward a subject and receiving an
ultrasound beam reflected from the subject,
calculate a likelihood of an imaging part in the ultrasound
image with respect to an examination part by analyzing
the generated ultrasound image,
set, as a recommended posture angle, the posture angle
detected by the probe posture angle sensor in a case
where the calculated likelihood is maximized while the
posture angle detected by the probe posture angle
sensor is being changed over a predetermined angle
range including a basic posture angle of the ultrasound
probe, which is set corresponding to the examination
part, or across a predetermined angle by bringing the
ultrasound probe into contact with a body surface of the
subject and tilting the ultrasound probe by an operator,
and
notify the operator of the set recommended posture angle.
2. The ultrasound diagnostic apparatus according to claim
1,
wherein the central processing unit and the operation
program sets, as the recommended posture angle, the
posture angle detected by the probe posture angle
sensor in a case where the likelihood is maximized
while the posture angle detected by the probe posture
angle sensor is changing once over the angle range.
3. The ultrasound diagnostic apparatus according to claim
17
wherein the central processing unit and the operation
program sets, as the recommended posture angle, the
posture angle detected by the probe posture angle
sensor in a case where the likelihood is maximized
while the posture angle detected by the probe posture
angle sensor is changing in a reciprocating manner over
the angle range.
4. The ultrasound diagnostic apparatus according to claim
1, further comprising:
a probe angular speed sensor that detects an angular speed
of the ultrasound probe,
wherein the central processing unit and the operation
program warns the operator that the ultrasound probe is
to be continuously tilted in a case where the posture
angle detected by the probe posture angle sensor is
within the angle range and the angular speed detected
by the probe angular speed sensor becomes equal to or
less than a predetermined value.
5. The ultrasound diagnostic apparatus according to claim
2, further comprising:
a probe angular speed sensor that detects an angular speed
of the ultrasound probe,
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wherein the central processing unit and the operation
program warns the operator that the ultrasound probe is
to be continuously tilted in a case where the posture
angle detected by the probe posture angle sensor is
within the angle range and the angular speed detected
by the probe angular speed sensor becomes equal to or
less than a predetermined value.
6. The ultrasound diagnostic apparatus according to claim
3, further comprising;
aprobe angular speed sensor that detects an angular speed
of the ultrasound probe,
wherein the central processing unit and the operation
program warns the operator that the ultrasound probe is
to be continuously tilted in a case where the posture
angle detected by the probe posture angle sensor is
within the angle range and the angular speed detected
by the probe angular speed sensor becomes equal to or
less than a predetermined value.
7. The ultrasound diagnostic apparatus according to claim
1, further comprising:
a display that displays the ultrasound image generated by
the central processing unit and the operation program,
wherein the central processing unit and the operation
program controls display on the display.
8. The ultrasound diagnostic apparatus according to claim
75
wherein the central processing unit and the operation
program displays, on the display, the likelihood, the
posture angle detected by the probe posture angle
sensor, the basic posture angle, and the recommended
posture angle.
9. The ultrasound diagnostic apparatus according to claim
8,
wherein the central processing unit and the operation
program displays the posture angle detected by the
probe posture angle sensor, the basic posture angle, and
the recommended posture angle, on the display, as
numerical values or graph images.
10. The ultrasound diagnostic apparatus according to
claim 2, further comprising:
a display that displays the ultrasound image generated by
the central processing unit and the operation program,
wherein the central processing unit and the operation
program controls display on the display.
11. The ultrasound diagnostic apparatus according to
claim 10,
wherein the central processing unit and the operation
program displays, on the display, the likelihood, the
posture angle detected by the probe posture angle
sensor, the basic posture angle, and the recommended
posture angle.
12. The ultrasound diagnostic apparatus according to
claim 11,
wherein the central processing unit and the operation
program displays the posture angle detected by the
probe posture angle sensor, the basic posture angle, and
the recommended posture angle, on the display, as
numerical values or graph images.
13. The ultrasound diagnostic apparatus according to
claim 3, further comprising:
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a display that displays the ultrasound image generated by
the central processing unit and the operation program,
wherein the central processing unit and the operation
program controls display on the display.
14. The ultrasound diagnostic apparatus according to
claim 13,
wherein the central processing unit and the operation
program displays, on the display, the likelihood, the
posture angle detected by the probe posture angle
sensor, the basic posture angle, and the recommended
posture angle.
15. The ultrasound diagnostic apparatus according to
claim 14,
wherein the central processing unit and the operation
program displays the posture angle detected by the
probe posture angle sensor, the basic posture angle, and
the recommended posture angle, on the display, as
numerical values or graph images.
16. The ultrasound diagnostic apparatus according to
claim 4, further comprising:
a display that displays the ultrasound image generated by
the central processing unit and the operation program,
wherein the central processing unit and the operation
program controls display on the display.
17. The ultrasound diagnostic apparatus according to
claim 16,
wherein the central processing unit and the operation
program displays, on the display, the likelihood, the
posture angle detected by the probe posture angle
sensor, the basic posture angle, and the recommended
posture angle.
18. The ultrasound diagnostic apparatus according to
claim 17,
wherein the central processing unit and the operation
program displays the posture angle detected by the
probe posture angle sensor, the basic posture angle, and
the recommended posture angle, on the display, as
numerical values or graph images.
19. A control method of an ultrasound diagnostic appa-
ratus, comprising:
generating an ultrasound image by transmitting an ultra-
sound beam from an ultrasound probe toward a subject
and receiving an ultrasound beam reflected from the
subject;
detecting a posture angle of the ultrasound probe;
calculating a likelihood of an imaging part in the ultra-
sound image with respect to an examination part by
analyzing the generated ultrasound image;
setting, as a recommended posture angle, the posture
angle in a case where the calculated likelihood is
maximized while the detected posture angle is being
changed over a predetermined angle range including a
basic posture angle of the ultrasound probe, which is set
corresponding to the examination part, by bringing the
ultrasound probe into contact with a body surface of the
subject and tilting the ultrasound probe by an operator;
and
notifying the operator of the recommended posture angle.

I S T



2019-10-10

2019-06-05

patsnap

A61B8/54 A61B8/463 A61B8/4254 A61B8/46 A61B8/08 A61B8/085 A61B8/0883 A61B8/429 A61B8

TRAFROE) BERISHEEREEKIZHEENIEE S E
NIF(2E)E US20190307429A1
HiES US16/432559
HRIBRBEERFPOARR) EBEXRAKISHE
BE (T RR)AGE) EXRAFH%N &4
HEHFERIDAGE) BLREENSHE
¥R &8 A MATSUMOTO TSUYOSHI
INOUE TOMOKI
YAMAMOTO HIROAKI
REAA MATSUMOTO, TSUYOSHI
INOUE, TOMOKI
YAMAMOTO, HIROAKI
IPCH %S AB1B8/00
CPCHRF
/5292 A61B8/58 A61B8/14
£ 8 2016236580 2016-12-06 JP
SNEBEEE Espacenet USPTO
BE(E)

BERUHMKERS  HEZBALRIE  AFEESREGTFHRSE
X TREDHUREEANER THEERRANEBAREN#
EERYA, BIEEFRASHRAN S AREEM , MESENNT
REFUMZENBERANEFARSANTEAECE AL BER
KWEBA  FEREEONBER.  #EXBABANL TNHKEE
RBEAENETERNEELRDABANLRES,

ULTRASOUND | .
PROBE g

IMAGE ACQUISITION UNIT

6

3 7

1

1 8
D

[ RECEPTION

TRANSDUCER
ARRAY

DISPLAY ISPLAY
CONTROL UNIT UNIT

4
WAGE
| cRou HGENERAT]ON N
5

TRANSMISSION
CIROUIT

L

PROBE POSTURE
ANGLE DETECTION UNIT

IMAGE
ANALYSIS UNIT
I

10
12

[ RECONMENDED POSTURE |

9

[ RECOMMENDED POSTURE

| ANGLE GENERATION UNIT [

| ANGLE NOTIFICATION UNIT

APPARATUS CONTROL UNIT

14 15

16

OPERATION STORAGE
UNIT UNIT

| MEMORY ’/



https://share-analytics.zhihuiya.com/view/77bc08ff-f6cc-4c95-a9bf-7b3ac8b030f4
https://worldwide.espacenet.com/patent/search/family/062491422/publication/US2019307429A1?q=US2019307429A1
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=%2220190307429%22.PGNR.&OS=DN/20190307429&RS=DN/20190307429

