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(57) An ultrasound diagnostic apparatus includes: an
image acquisition unit that acquires an ultrasound image
by transmitting an ultrasound beam from an ultrasound
probe toward a subject and receiving an ultrasound beam
reflected from the subject; an image analysis unit that
analyzes the acquired ultrasound image; and a move-
ment amount detection unit that detects a movement
amount of the ultrasound probe. The image analysis unit

performs image analysis on an ultrasound image of a
single frame in a case where the movement amount of
the ultrasound probe is equal to or greater than a thresh-
old value, and performs image analysis on ultrasound
images of a plurality of frames in a case where the move-
ment amount of the ultrasound probe is less than the
threshold value.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an ultrasound
diagnostic apparatus and a control method of an ultra-
sound diagnostic apparatus and in particular, to an ultra-
sound diagnostic apparatus for determining a part of a
subject whose ultrasound image is generated.

2. Description of the Related Art

[0002] Conventionally, an ultrasound diagnostic appa-
ratus is known as an apparatus that obtains an image of
the inside of a subject by applying a transducer array to
the subject. A general ultrasound diagnostic apparatus
acquires element data by transmitting an ultrasound
beam from a transducer array, in which a plurality of el-
ements are arranged, to the inside of a subject and re-
ceiving ultrasound echoes from the subject in the trans-
ducer array. Then, the ultrasound diagnostic apparatus
electrically processes the obtained element data to ob-
tain an ultrasound image of the relevant part of the sub-
ject.
[0003] In such an ultrasound diagnostic apparatus, it
is possible to detect the movement of an ultrasound probe
and easily and quickly perform ultrasound diagnosis by
using the detection result. For example,
JP2016-501605A discloses an ultrasound diagnostic ap-
paratus that detects the movement of an ultrasound
probe and acquires an ultrasound image, determines a
diagnostic part, and analyzes the ultrasound image in a
case where it is determined that the ultrasound probe is
stationary based on the detection result.

SUMMARY OF THE INVENTION

[0004] Incidentally, for example, in the extended Fo-
cused Assessment with Sonography for Trauma
(eFAST) examination for examining a plurality of diag-
nostic parts continuously for initial examination of an in-
jured patient in emergency, it is requested to quickly per-
form ultrasound examination on the plurality of diagnostic
parts. For this reason, for example, in the eFAST exam-
ination, there is a problem that it is difficult to precisely
determine diagnostic parts since the amount of informa-
tion for determining each diagnostic part, which is ob-
tained from the generated ultrasound image, is small.
[0005] In the technique disclosed in JP2016-501605A,
there is a problem that it is not possible to determine the
diagnostic part and analyze the ultrasound image in a
case where the ultrasound probe is moving. In addition,
in the technique disclosed in JP2016-501605A, there is
a problem that it is difficult to select an appropriate image
analysis method for the diagnostic part.
[0006] The present invention has been made in order

to solve such conventional problems, and it is an object
of the present invention to provide an ultrasound diag-
nostic apparatus and a control method of an ultrasound
diagnostic apparatus capable of selecting an image anal-
ysis method based on the movement of an ultrasound
probe and precisely determining a diagnostic part.
[0007] In order to achieve the aforementioned object,
an ultrasound diagnostic apparatus of the present inven-
tion comprises: an ultrasound probe; an image acquisi-
tion unit that acquires an ultrasound image by transmit-
ting an ultrasound beam from the ultrasound probe to-
ward a subject and receiving an ultrasound beam reflect-
ed from the subject; an image analysis unit that analyzes
the ultrasound image acquired by the image acquisition
unit; and a movement amount detection unit that detects
a movement amount of the ultrasound probe. The image
analysis unit performs image analysis on an ultrasound
image of a single frame in a case where the movement
amount of the ultrasound probe detected by the move-
ment amount detection unit is equal to or greater than a
predetermined threshold value, and performs image
analysis on ultrasound images of a plurality of frames in
a case where the movement amount of the ultrasound
probe detected by the movement amount detection unit
is less than the predetermined threshold value.
[0008] It is preferable that the image analysis unit per-
forms image analysis including pattern recognition or pix-
el value analysis on the ultrasound image of the single
frame as the image analysis on the ultrasound image of
the single frame.
[0009] It is preferable that the image analysis unit per-
forms analysis on a movement of a specific pattern com-
monly included in the ultrasound images of the plurality
of frames as the image analysis on the ultrasound images
of the plurality of frames.
[0010] Alternatively, the image analysis unit may per-
form image analysis for each frame on the ultrasound
images of the plurality of frames acquired in time series
by the image acquisition unit, as the image analysis on
the ultrasound images of the plurality of frames, and in-
tegrate results of the image analyses.
[0011] It is preferable to further comprise a part deter-
mination unit that determines a part of the subject, which
is included in each ultrasound image on which the image
analysis has been performed, based on a result of the
image analysis of the image analysis unit.
[0012] It is preferable that the movement amount de-
tection unit comprises a motion sensor attached to the
ultrasound probe and the motion sensor detects an ac-
celeration, an angular speed, or a position of the ultra-
sound probe.
[0013] Alternatively, the movement amount detection
unit may comprise a motion sensor provided away from
the ultrasound probe, and the motion sensor may detect
a position of the ultrasound probe.
[0014] A control method of an ultrasound diagnostic
apparatus of the present invention comprises: acquiring
an ultrasound image by transmitting an ultrasound beam
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from an ultrasound probe toward a subject and receiving
an ultrasound beam reflected from the subject; analyzing
the acquired ultrasound image; and detecting a move-
ment amount of the ultrasound probe. Image analysis is
performed on an ultrasound image of a single frame in a
case where the detected movement amount of the ultra-
sound probe is equal to or greater than a predetermined
threshold value, and image analysis is performed on ul-
trasound images of a plurality of frames in a case where
the detected movement amount of the ultrasound probe
is less than the predetermined threshold value.
[0015] According to the present invention, the ultra-
sound diagnostic apparatus has the image analysis unit
that performs image analysis on the ultrasound image of
the single frame or image analysis on the ultrasound im-
ages of the plurality of frames based on the movement
amount of the ultrasound probe. Therefore, it is possible
to precisely determine a diagnostic part according to the
movement of the ultrasound probe.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Fig. 1 is a block diagram showing the configuration
of an ultrasound diagnostic apparatus according to
a first embodiment of the present invention.
Fig. 2 is a block diagram showing the internal con-
figuration of a reception circuit shown in Fig. 1.
Fig. 3 is a block diagram showing the internal con-
figuration of an image generation unit shown in Fig. 1.
Fig. 4 is a flowchart relevant to the operation of the
ultrasound diagnostic apparatus of the present in-
vention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0017] Hereinafter, an embodiment of the present in-
vention will be described with reference to the accompa-
nying diagrams.

First embodiment

[0018] Fig. 1 shows the configuration of an ultrasound
diagnostic apparatus according to a first embodiment of
the present invention. An ultrasound diagnostic appara-
tus 1 includes an ultrasound probe 2 including a trans-
ducer array 2A built thereinto, and a display control unit
8 and a display unit 9 are sequentially connected to the
ultrasound probe 2 through an image acquisition unit 3.
[0019] The image acquisition unit 3 has a reception
circuit 5 and a transmission circuit 6, which are connected
to the transducer array 2A of the ultrasound probe 2, and
an image generation unit 7 connected to the reception
circuit 5, and the display control unit 8 is connected to
the image generation unit 7. The image generation unit
7 is connected to an image analysis unit 12. The ultra-

sound probe 2 comprises a motion sensor 10, and the
motion sensor 10 is connected to a probe movement
amount calculation unit 11. The image analysis unit 12
is connected to the probe movement amount calculation
unit 11, and a part determination unit 13 is connected to
the image analysis unit 12. The motion sensor 10 and
the probe movement amount calculation unit 11 config-
ure a movement amount detection unit 4.
[0020] A device control unit 14 is connected to the im-
age acquisition unit 3, the display control unit 8, the probe
movement amount calculation unit 11, the image analysis
unit 12, and the part determination unit 13, and an oper-
ation unit 15 and a storage unit 16 are connected to the
device control unit 14. The device control unit 14 and the
storage unit 16 are connected to each other so that in-
formation can be transmitted and received bidirectional-
ly.
[0021] 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. Each of the elements transmits an ultra-
sound wave according to a driving signal supplied from
the transmission circuit 6 and receives an ultrasound
echo from the subject, and outputs the reception signal.
For example, each element is formed by using a trans-
ducer in which electrodes are formed at both ends of a
piezoelectric body formed of piezoelectric ceramic rep-
resented by lead zirconate titanate (PZT), a polymer pi-
ezoelectric element represented by poly vinylidene di flu-
oride (PVDF), piezoelectric single crystal represented by
lead magnesium niobate-lead titanate (PMN-PT), or the
like.
[0022] 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 prop-
agating ultrasound waves, thereby generating electrical
signals. These electrical signals are output, as reception
signals of the ultrasound waves, from each transducer
to the reception circuit 5.
[0023] As shown in Fig. 2, the reception circuit 5 of the
image acquisition unit 3 has a configuration in which an
amplification unit 17 and an analog/digital (A/D) conver-
sion unit 18 are connected in series to each other. In the
reception circuit 5, the amplification unit 17 amplifies the
reception signal output from each element of the trans-
ducer 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 7.
[0024] The transmission circuit 6 of the image acqui-
sition unit 3 includes, for example, a plurality of pulse
generators. Based on a transmission delay pattern se-
lected according to the control signal from the device
control unit 14, the transmission circuit 6 adjusts the
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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 sup-
plies the obtained signals to the plurality of elements.
[0025] As shown in Fig. 3, the image generation unit 7
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 con-
nected in series to each other.
[0026] Based on the reception delay pattern selected
according to the control signal from the device control
unit 14, the B mode processing unit 19 performs reception
focusing processing in which delays are given to respec-
tive pieces of element data according to the set sound
speed and addition (phasing addition) is performed.
Through the reception focusing processing, a sound ray
signal with narrowed focus of the ultrasound echo is gen-
erated. The B mode processing unit 19 generates a B
mode image signal, which is tomographic image infor-
mation regarding tissues inside the subject, by correcting
the attenuation of the sound ray signal due to the prop-
agation distance according to the depth of the reflection
position of the ultrasound wave and then performing en-
velope detection processing. The B mode image signal
generated by the B mode processing unit 19 is output to
the display control unit 8 or the image analysis unit 12.
[0027] 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 per-
forms various kinds of required image processing, such
as gradation processing, on the B mode image signal,
and then outputs the B mode image signal to the display
control unit 8.
[0028] As shown in Fig. 1, the display control unit 8 of
ultrasound diagnostic apparatus 1 displays an ultrasound
diagnostic image on the display unit 9 based on the B
mode image signal acquired by the image acquisition
unit 3.
[0029] The display unit 9 includes, for example, a dis-
play device, such as a liquid crystal display (LCD), and
displays an ultrasound diagnostic image under the con-
trol of the device control unit 14.
[0030] The ultrasound probe 2 comprises the motion
sensor 10 of the movement amount detection unit 4 that
detects, as an electrical signal, the motion or the position
of the ultrasound probe 2 operated by the operator during
the ultrasound diagnosis.
[0031] The motion sensor 10 is not particularly limited
as long as it is possible to detect the motion or the position
of the ultrasound probe 2, but a case where an acceler-
ation sensor for detecting the motion of the ultrasound
probe 2 is used as the motion sensor 10 will be described
below. In this case, the motion sensor 10 detects, as an
electrical signal, the acceleration of three components
along three axes perpendicular to each other in the three-
dimensional space. The signal detected by the motion
sensor 10 is output to the probe movement amount cal-

culation unit 11 of the movement amount detection unit 4.
[0032] Based on a signal indicating the motion of the
ultrasound probe 2 detected by the motion sensor 10,
the probe movement amount calculation unit 11 of the
movement amount detection unit 4 calculates the move-
ment amount of the ultrasound probe 2 that is an index
of the movement of the ultrasound probe 2 during the
ultrasound diagnosis. For example, after calculating the
posture angle of the ultrasound probe 2 from the accel-
eration in the three-dimensional space obtained by the
motion sensor 10 for each frame of the ultrasound image
using a known calculation method, the time change
amount of the posture angle between frames can be cal-
culated as the movement amount of the ultrasound probe
2 using the plurality of calculated posture angles. For
example, as the time change amount of the posture angle
of the ultrasound probe 2, the probe movement amount
calculation unit 11 can calculate a standard deviation with
respect to the posture angle calculated for each prede-
termined number of ultrasound images acquired in time
series by the image acquisition unit 3. In this case, it is
preferable that the plurality of calculated posture angles
only increase in time series or only decrease in time se-
ries, and it is preferable that the acquisition time interval
between ultrasound images of a plurality of frames used
for calculation of the movement amount of the ultrasound
probe 2 is sufficiently short.
[0033] The image analysis unit 12 performs image
analysis, such as movement analysis and pattern recog-
nition, on the B mode image signal generated by the B
mode processing unit 19 of the image generation unit 7
of the image acquisition unit 3, and outputs the image
analysis result to the part determination unit 13. In a case
where the movement amount of the ultrasound probe 2
calculated by the probe movement amount calculation
unit 11 of the movement amount detection unit 4 is equal
to or greater than a predetermined threshold value, the
image analysis unit 12 performs image analysis on the
ultrasound image of a single frame. In a case where the
movement amount of the ultrasound probe 2 is less than
the predetermined threshold value, the image analysis
unit 12 performs image analysis on the ultrasound image
of a plurality of frames.
[0034] Based on the analysis result of the ultrasound
image by the image analysis unit 12, the part determina-
tion unit 13 determines the part of the subject included
in the ultrasound image, and outputs information of the
determined part to the device control unit 14.
[0035] The device control unit 14 controls each unit of
the ultrasound diagnostic apparatus 1 based on a com-
mand input by the operator through the operation unit
15. In addition, the device control unit 14 changes the
imaging conditions at the time of acquiring the ultrasound
image to imaging conditions suitable for the part deter-
mined by the part determination unit 13.
[0036] The operation unit 15 is for the operator to per-
form an input operation, and can be configured to com-
prise a keyboard, a mouse, a trackball, a touch panel,
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and the like.
[0037] The storage unit 16 stores an operation pro-
gram 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 ac-
cess memory (RAM), a compact disc (CD), a digital ver-
satile disc (DVD), a secure digital card (SD card), and a
universal serial bus memory (USB memory), or a server
can be used.
[0038] The image generation unit 7 of the image ac-
quisition unit 3, the display control unit 8, the probe move-
ment amount calculation unit 11 of the movement amount
detection unit 4, the image analysis unit 12, the part de-
termination unit 13, and the device control unit 14 are
configured by a central processing unit (CPU) and an
operation program causing the CPU to execute various
kinds of processing. However, these may also be con-
figured by digital circuits. The image generation unit 7,
the display control unit 8, the probe movement amount
calculation unit 11, the image analysis unit 12, the part
determination unit 13, and the device control unit 14 can
also be integrated partially or entirely in one CPU.
[0039] 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.
[0040] First, in step S1, under the predetermined im-
aging conditions, 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 are performed by the reception circuit 5 and the
transmission circuit 6 of the image acquisition unit 3. In
this case, a reception signal is output to the reception
circuit 5 from each ultrasound transducer that has re-
ceived the ultrasound echo from the subject, and ampli-
fication and A/D conversion of the reception signal are
performed by the amplification unit 17 and the A/D con-
version unit 18 of the reception circuit 5 to generate a
reception signal. In a case where scanning and trans-
mission and reception of ultrasound beams are per-
formed, the motion sensor 10 of the movement amount
detection unit 4 detects the motion of the ultrasound
probe 2 scanned by the operator as an electrical signal.
The imaging conditions set as the initial value, which are
used in step S1, are, for example, imaging conditions in
which general settings are made for a plurality of diag-
nostic parts. Such general imaging conditions for a plu-
rality of diagnostic parts are often set so that a plurality
of parts can be quickly examined in continuous diagnosis,
such as eFAST examination, for example.
[0041] In step S2, the reception signal is input to the
image generation unit 7, and a B mode image signal is
generated by the B mode processing unit 19 of the image
generation unit 7.
[0042] In step S3, the device control unit 14 determines
whether or not an ultrasound image of the N-th frame
counted from the start of the ultrasound examination on
each part of the subject has been acquired. Here, N is a

natural number of 2 or more. In a case where it is deter-
mined that the acquired ultrasound image is less than N
frames in step S3, the process returns to step S1 and
the ultrasound image is acquired again in steps S1 and
S2.
[0043] In a case where it is determined that the ultra-
sound image of the N-th frame has been acquired in step
S3, the process proceeds to step S4. In step S4, the
probe movement amount calculation unit 11 of the move-
ment amount detection unit 4 calculates the posture an-
gle of the ultrasound probe 2 at the time of scanning or
transmission and reception of ultrasound beams per-
formed in step S1 based on the electrical signal indicating
the motion of the ultrasound probe 2 input from the motion
sensor 10, and then calculates the time change amount
of the posture angle between the frames. For example,
first, from the acceleration of three components along
three axes perpendicular to each other in the three-di-
mensional space that is detected by the motion sensor
10, the probe movement amount calculation unit 11 can
calculate the posture angle of the ultrasound probe 2 for
each frame with respect to ultrasound images of a plu-
rality of frames using a known calculation method. Then,
as the movement amount of the ultrasound probe 2, for
example, the standard deviation of the plurality of calcu-
lated posture angles can be calculated by the probe
movement amount calculation unit 11.
[0044] In step S5, the image analysis unit 12 deter-
mines whether or not the movement amount of the ultra-
sound probe 2 calculated in step S4 is equal to or greater
than a predetermined threshold value. That is, in step
S5, the image analysis unit 12 determines whether or not
the ultrasound probe 2 has been moved by the operator
at the time of ultrasound diagnosis by performing deter-
mination using a threshold value for the movement
amount of the ultrasound probe 2. The threshold value
can be determined, for example, by calculating a statis-
tical value for the movement amount of the ultrasound
probe 2 in past diagnosis or preliminary test or the like.
[0045] In a case where it is determined that the calcu-
lated movement amount of the ultrasound probe 2 is
equal to or greater than the predetermined threshold val-
ue in step S5, the process proceeds to step S6. In a case
where the ultrasound probe 2 moves a lot by the operator
at the time of ultrasound diagnosis, the movement of the
part itself of the subject, such as beating of the heart, in
the ultrasound images of a plurality of frames is hidden
by the movement of the ultrasound probe 2. Therefore,
in step S6, the image analysis unit 12 performs image
analysis on an ultrasound image of a single frame among
the ultrasound images of a plurality of frames acquired
by the image acquisition unit 3. Image analysis on the
ultrasound image of a single frame can be performed
using various methods. For example, pattern recognition,
such as template matching, can be performed to calcu-
late the similarity between the part included in the ultra-
sound image and the template of a plurality of parts as
a score.
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[0046] In step S7 subsequent to step S6, the part de-
termination unit 13 determines the part included in the
ultrasound image based on the result of the image anal-
ysis on the ultrasound image of a single frame in step
S6. For example, in a case where template matching is
performed as the image analysis on the ultrasound image
of a single frame in step S6, the part can be determined
by determining whether or not the calculated score of the
similarity is equal to or greater than a predetermined val-
ue.
[0047] In step S8, the device control unit 14 changes
the imaging conditions to imaging conditions suitable for
the part determined by the part determination unit 13.
[0048] Then, in step S9, the reception circuit 5 and the
transmission circuit 6 of the image acquisition unit 3 per-
form scanning and transmission and reception of ultra-
sound beams with respect to the part determined by the
part determination unit 13 using the imaging conditions
changed in step S8.
[0049] Then, in step S10, the image generation unit 7
of the image acquisition unit 3 generates a B mode image
signal from the reception signal acquired by the reception
circuit 5 and the transmission circuit 6 using the imaging
conditions changed in step S8.
[0050] In step S11, the device control unit 14 deter-
mines whether or not the part of the subject under ultra-
sound examination currently has been changed. For ex-
ample, in a case where the diagnostic part moves from
the heart to the lung, it is determined that the diagnostic
part has been changed. Specifically, in general, in a case
where the diagnostic part is changed, the probe is away
from the body surface to become in an aerial radiation
state. By detecting such an aerial radiation state (a state
in which a reflected signal cannot be obtained), it is pos-
sible to determine the change of the diagnostic part. In
a case where it is determined that the diagnostic part is
not changed, that is, the same diagnostic part is exam-
ined in step S11, the process returns to step S9 and the
acquisition of the ultrasound image using the imaging
conditions changed in step S8 is performed again. On
the other hand, in a case where it is determined that the
diagnostic part has been changed in step S11, the proc-
ess returns to step S1. Thereafter, in a case where the
process proceeds to step S3 through step S2, it is deter-
mined whether or not the ultrasound image acquired for
a new diagnostic part is the N-th frame.
[0051] In a case where it is determined that the move-
ment amount of the ultrasound probe 2 calculated in step
S4 is equal to or less than the predetermined threshold
value in step S5, the process proceeds to step S12. In a
case where the movement of the ultrasound probe 2 by
the operator is small at the time of ultrasound diagnosis,
the movement of the part itself of the subject, such as
beating of the heart, in the ultrasound images of a plurality
of frames is hardly affected by the movement of the ul-
trasound probe 2. Therefore, in step S12, the image anal-
ysis unit 12 performs image analysis on a plurality of
frame acquired by the image acquisition unit 3, that is,

ultrasound images of N frames. The image analysis on
ultrasound images of a plurality of frames can be per-
formed using various methods. For example, a time-se-
ries image analysis method called an optical flow can be
used. Although not shown, the optical flow is a method
in which ultrasound images of frames adjacent to each
other in the order of time series acquired by the image
acquisition unit 3 are used and, for a plurality of charac-
teristic patterns in the same part commonly included in
the ultrasound images, a movement direction and a dis-
tance of each pattern are mapped using a vector or the
like. The image analysis unit 12 can calculate the number
of vectors (vector number) mapped to the ultrasound im-
age by the optical flow.
[0052] In step S7 subsequent to step S12, the part de-
termination unit 13 determines the part included in the
ultrasound image based on the analysis result of the ul-
trasound images of a plurality of frame in step S12. For
example, in a case where image analysis using an optical
flow is performed in step S12, the part can be determined
by determining whether or not the vector number calcu-
lated in step S12 is equal to or greater than a predeter-
mined value. As described above, in a case where the
movement amount of the ultrasound probe 2 is small, for
example, a part with a lot of movement, such as the heart,
and a part with little movement, such as the abdomen,
can be easily determined by determining the part using
the time-series analysis method.
[0053] As described above, according to the ultra-
sound diagnostic apparatus 1 of the present invention
shown in Fig. 1, the movement amount of the ultrasound
probe 2 is detected, and image analysis on the ultrasound
image of a single frame or image analysis on the ultra-
sound images of a plurality of frames is performed ac-
cording to whether or not the movement amount is equal
to or greater than a predetermined threshold value. The
ultrasound diagnostic apparatus 1 determines a part in-
cluded in the ultrasound image using the image analysis
result, and acquires an ultrasound image again using the
imaging conditions suitable for the determined part. As
described above, since the ultrasound diagnostic appa-
ratus 1 according to the embodiment of the present in-
vention can select an image analysis method for deter-
mining a part included in the ultrasound image based on
the movement amount of the ultrasound probe 2, it is
possible to quickly determine the part and improve the
accuracy in determining the part.
[0054] In the above description, in step S3, it is deter-
mined whether or not an ultrasound image of the N-th
frame counted from the start of the ultrasound examina-
tion on each part of the subject has been acquired. How-
ever, the frame number N that is the threshold value of
the determination may be input by the operator through
the operation unit 15 before the diagnosis by the ultra-
sound diagnostic apparatus 1 is started, or may be in-
cluded in the operation program of the ultrasound diag-
nostic apparatus 1.
[0055] Step S3 is a trigger for proceeding to step S4.
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However, as long as ultrasound images of two or more
frames are acquired before proceeding to step S4 for
calculating the movement amount of the ultrasound
probe 2, the determination performed in step S3 is not
limited to the above-described example. For example,
although not shown, in step S3, the device control unit
14 can determine whether or not a predetermined time
has passed from the start of ultrasound examination on
each part of the subject. In this case, the ultrasound di-
agnostic apparatus 1 repeats the acquisition of the ultra-
sound image by repeating steps S1 to S3 until a prede-
termined time passes, and proceeds to step S4 in a case
where the predetermined time has passed. The prede-
termined time may be input by the operator through the
operation unit 15 before the diagnosis by the ultrasound
diagnostic apparatus 1 is started, or may be included in
the operation program of the ultrasound diagnostic ap-
paratus 1.
[0056] As another example, although not shown, in
step S3, the device control unit 14 can determine whether
or not ultrasound images of a predetermined number of
frames counted from the start of ultrasound examination
on each part of the subject have been acquired. In this
case, the ultrasound diagnostic apparatus 1 repeats the
acquisition of the ultrasound image by repeating steps
S1 to S3 until ultrasound waves of a predetermined
number of frames counted from the start of ultrasound
examination on each part of the subject are acquired.
Then, in a case where it is determined that ultrasound
images of a predetermined number of frames have been
acquired in step S3, the process proceeds to step S4.
The predetermined number of frames may be input by
the operator through the operation unit 15 before the di-
agnosis by the ultrasound diagnostic apparatus 1 is start-
ed, or may be included in the operation program of the
ultrasound diagnostic apparatus 1.
[0057] The method of calculating the posture angle in
the probe movement amount calculation unit 11 of the
movement amount detection unit 4 is not limited to the
method described above as long as it is possible to cal-
culate the posture angle of the ultrasound probe 2. For
example, although not shown, the probe movement
amount calculation unit 11 may calculate the posture an-
gle of the ultrasound probe 2 based on the position in-
formation of the ultrasound probe 2 calculated by time-
integrating the acceleration detected by the motion sen-
sor 10 twice within a predetermined time.
[0058] As the motion sensor 10 for detecting the move-
ment amount of the ultrasound probe 2, an acceleration
sensor is used. However, other sensors may be used as
the motion sensor 10 as long as the sensors detect the
motion or the position of the ultrasound probe 2. As such
a motion sensor 10, in addition to the acceleration sensor,
for example, a gyro sensor, a magnetic sensor, or a global
positioning system (GPS) sensor can be used. These
sensors may be mounted on the ultrasound probe 2 or
may be built into the ultrasound probe 2.
[0059] For example, by using a gyro sensor attached

to the ultrasound probe 2 as the motion sensor 10, the
posture angle of the ultrasound probe 2 can be detected
by a known calculation method based on the angular
speed of the ultrasound probe 2 obtained from the gyro
sensor. For example, by using a magnetic sensor as the
motion sensor 10, the posture angle of the ultrasound
probe 2 may be detected based on the position informa-
tion of the ultrasound probe 2 detected by the magnetic
sensor. In addition, for example, by using a GPS sensor
as the motion sensor 10, the posture angle of the ultra-
sound probe 2 can be detected based on the position
information of the ultrasound probe 2 obtained from the
GPS sensor.
[0060] As long as the motion or the position of the ul-
trasound probe 2 is detected, the motion sensor 10 may
not be attached to or built into the ultrasound probe 2 or
may be provided away from the ultrasound probe 2. As
such a motion sensor 10, for example, although not
shown, a known camera may be used to detect the po-
sition information of the ultrasound probe 2. The motion
sensor 10 may detect the posture angle of the ultrasound
probe 2 based on the detected position information on
the ultrasound probe 2.
[0061] As an example of the movement amount of the
ultrasound probe 2, the standard deviation of the posture
angle of the ultrasound probe 2 has been described.
However, the amount of change in the posture angle with-
in a predetermined time, that is, a sum obtained by adding
the posture angle differences between the ultrasound im-
ages of frames adjacent to each other in the order of time
series within a predetermined time may be used as the
movement amount of the ultrasound probe 2.
[0062] The movement amount of the ultrasound probe
2 is not limited to one using the posture angle of the ul-
trasound probe 2 as long as the movement amount indi-
cates the movement of the ultrasound probe 2. For ex-
ample, the movement amount of the ultrasound probe 2
may be the movement distance of the ultrasound probe 2.
[0063] The image analysis on the ultrasound image of
a single frame in step S6 is not limited to the template
matching described as an example. For example, the
image analysis unit 12 can perform known analysis meth-
ods, such as pixel value analysis (for example, edge anal-
ysis), machine learning, and depth learning. For exam-
ple, in a case where the edge analysis is performed as
the image analysis in step S6, the image analysis unit 12
can calculate the area of pixels of the edge structure fac-
ing in a specific direction, for example, an oblique direc-
tion, in the ultrasound image. In this case, in step S7, the
part determination unit 13 can determine the part includ-
ed in the ultrasound image by determining whether or
not the area of the edge structure calculated in step S6
is equal to or greater than a predetermined value.
[0064] The image analysis on the ultrasound image of
a single frame in step S6 may fail due to the imaging
conditions, and shaking of the ultrasound probe 2 at the
time of transmission and reception of ultrasound beams,
and the like. For this reason, in step S12, the image anal-
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ysis unit 12 can perform image analysis for each frame
on the ultrasound images of a plurality of frames acquired
in time series and integrate the results of the plurality of
image analyses. The image analysis unit 12 can use var-
ious methods as a method of integrating the results of a
plurality of image analyses. For example, the image anal-
ysis unit 12 can use, as a final image analysis result, a
maximum value or a median value of the score of the
similarity in pattern recognition, such as template match-
ing, and the area value in pixel value analysis on the edge
structure. The image analysis unit 12 can also determine
success and failure of image analysis. For example, for
a plurality of ultrasound images, a score equal to or great-
er than a predetermined value can be given to an ultra-
sound image for which the image analysis result, such
as the score of the similarity in pattern recognition and
the area value in pixel value analysis, can be calculated,
and a score less than the predetermined value can be
given to an ultrasound image for which no image analysis
result can be calculated. In a case where the average
value or the median value of the plurality of given scores
is equal to or greater than a predetermined value, the
image analysis unit 12 can integrate the results of the
plurality of image analyses. In a case where the average
value or the median value of the plurality of scores given
by the image analysis unit 12 is less than the predeter-
mined value, the process may return to step S1, or the
operation of the ultrasound diagnostic apparatus 1 may
be ended after displaying an error message on the dis-
play unit 9.
[0065] In the image analysis using the optical flow de-
scribed in step S12, a vector number indicating the move-
ment of a characteristic pattern, which is calculated from
ultrasound images of frames adjacent to each other in
the order of time series, is calculated. In step S12, the
vector number mapped in a plurality of frames can be
time-integrated using a plurality of ultrasound images ac-
quired in time series. That is, the image analysis unit 12
can calculate a time change in the vector number of (N
- 1) sets using (N - 1) sets of ultrasound image pairs
adjacent to each other in the order of time series among
N ultrasound images acquired in time series, and inte-
grate the time change in the vector number of (N - 1) sets
using the time from the ultrasound image of the first frame
to the ultrasound image of the N-th frame, for example.
In this case, in subsequent step S7, the part determina-
tion unit 13 can determine the part included in the ultra-
sound image by determining whether or not the integra-
tion value of the vector number calculated in step S12 is
equal to or greater than a predetermined value.
[0066] In step S12, the image analysis unit 12 may
perform image analysis other than the optical flow. For
example, the image analysis unit 12 can calculate the
movement amount of the same edge structure commonly
included in the ultrasound images of a plurality of frames.
In addition, for example, the image analysis unit 12 can
calculate the movement amount of a structure having a
predetermined brightness or higher in a region of interest

common in the ultrasound images of a plurality of frames.
In these cases, in subsequent step S7, the part determi-
nation unit 13 can determine the part included in the ul-
trasound image by determining whether or not the move-
ment amount calculated in step S12 is equal to or greater
than a predetermined value.
[0067] Undoubtedly, the image analysis unit 12 is not
limited to the image analysis method described above,
and may calculate the movement amount of the structure
of the part commonly included in the ultrasound images
of a plurality of frames using a known image analysis
method.
[0068] The image generation unit 7 of the image ac-
quisition unit 3 generates the B mode image signal from
the reception signal output from the reception circuit 5,
but may generate image signals other than the B mode
image signal from the reception signal. For example, al-
though not shown, in order to generate a motion mode
(M mode) image signal, a color Doppler image signal, an
elastic image signal, or a sound speed map signal from
the reception signal, the B mode processing unit 19 of
the image generation unit 7 may be replaced with a
processing unit that generates the M mode image signal,
the color Doppler image signal, the elastic image signal,
or the sound speed map signal.
[0069] As described above, in a case where an image
signal other than the B mode image signal is generated
from the reception signal, image analysis according to
the type of each image signal may be performed. For
example, in a case where the M mode image signal is
generated from the reception signal, the image analysis
unit 12 may perform pattern recognition using template
matching, texture analysis, machine learning, or the like,
or may perform time series image analysis using the op-
tical flow.
[0070] In addition, for example, in a case where the
color Doppler image signal, the elastic image signal, or
the sound speed signal is generated from the reception
signal, the image analysis unit 12 can analyze color in-
formation included in each image signal.
[0071] Since the ultrasound diagnostic apparatus 1 de-
scribed above is small, the ultrasound diagnostic appa-
ratus 1 may be a portable ultrasound diagnostic appara-
tus that can be easily carried and used, or may be a
stationary ultrasound diagnostic apparatus that is in-
stalled and used in an examination room or the like.
[0072] The ultrasound probe 2 is not particularly limited
as long as it is possible to transmit and receive an ultra-
sound beam to and from the subject, and may be in the
form of a sector type, a convex type, a linear type, a radial
type, or the like.
[0073] While the ultrasound diagnostic apparatus ac-
cording to the embodiment of the present invention has
been described in detail, the present invention is not lim-
ited to the above-described embodiment, and various im-
provements and modifications may be made without de-
parting from the scope and spirit of the present invention.
In addition, the plurality of examples shown above can
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be appropriately used in combination.

Explanation of References

[0074]

1: ultrasound diagnostic apparatus
2: ultrasound probe
3: image acquisition unit
4: movement amount detection unit
5: reception circuit
6: transmission circuit
7: image generation unit
8: display control unit
9: display unit
10: motion sensor
11: probe movement amount calculation unit
12: image analysis unit
13: part determination unit
14: device control unit
15: operation unit
16: storage unit
17: amplification unit
18: A/D conversion unit
19: B mode processing unit
20: image processing unit

Claims

1. An ultrasound diagnostic apparatus, comprising:

an ultrasound probe;
an image acquisition unit that acquires an ultra-
sound image by transmitting an ultrasound
beam from the ultrasound probe toward a sub-
ject and receiving an ultrasound beam reflected
from the subject;
an image analysis unit that analyzes the ultra-
sound image acquired by the image acquisition
unit; and
a movement amount detection unit that detects
a movement amount of the ultrasound probe,
wherein the image analysis unit performs image
analysis on an ultrasound image of a single
frame in a case where the movement amount of
the ultrasound probe detected by the movement
amount detection unit is equal to or greater than
a predetermined threshold value, and performs
image analysis on ultrasound images of a plu-
rality of frames in a case where the movement
amount of the ultrasound probe detected by the
movement amount detection unit is less than the
predetermined threshold value.

2. The ultrasound diagnostic apparatus according to
claim 1,
wherein the image analysis unit performs image

analysis including pattern recognition or pixel value
analysis on the ultrasound image of the single frame
as the image analysis on the ultrasound image of
the single frame.

3. The ultrasound diagnostic apparatus according to
claim 1 or 2,
wherein the image analysis unit performs analysis
on a movement of a specific pattern commonly in-
cluded in the ultrasound images of the plurality of
frames as the image analysis on the ultrasound im-
ages of the plurality of frames.

4. The ultrasound diagnostic apparatus according to
claim 1 or 2,
wherein the image analysis unit performs image
analysis for each frame on the ultrasound images of
the plurality of frames acquired in time series by the
image acquisition unit, as the image analysis on the
ultrasound images of the plurality of frames, and in-
tegrates results of the image analyses.

5. The ultrasound diagnostic apparatus according to
any one of claims 1 to 4, further comprising:
a part determination unit that determines a part of
the subject, which is included in each ultrasound im-
age on which the image analysis has been per-
formed, based on a result of the image analysis of
the image analysis unit.

6. The ultrasound diagnostic apparatus according to
any one of claims 1 to 5,

wherein the movement amount detection unit
comprises a motion sensor attached to the ul-
trasound probe, and
the motion sensor detects an acceleration, an
angular speed, or a position of the ultrasound
probe.

7. The ultrasound diagnostic apparatus according to
any one of claims 1 to 5,

wherein the movement amount detection unit
comprises a motion sensor provided away from
the ultrasound probe, and
the motion sensor detects a position of the ul-
trasound probe.

8. A control method of an ultrasound diagnostic appa-
ratus, comprising:

acquiring an ultrasound image by transmitting
an ultrasound beam from an ultrasound probe
toward a subject and receiving an ultrasound
beam reflected from the subject;
analyzing the acquired ultrasound image; and
detecting a movement amount of the ultrasound
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probe,
wherein image analysis is performed on an ul-
trasound image of a single frame in a case where
the detected movement amount of the ultra-
sound probe is equal to or greater than a pre-
determined threshold value, and image analysis
is performed on ultrasound images of a plurality
of frames in a case where the detected move-
ment amount of the ultrasound probe is less than
the predetermined threshold value.
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