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(57) ABSTRACT

The present disclosure relates to an ultrasound processing
apparatus and method, and a program that enable easy and
stable measurement of tissue characteristics. A vibrator
driving unit drives a vibrator incorporated in an ultrasound
probe based on a vibration parameter from a vibrator control
unit. The vibrator control unit supplies a vibration parameter
that is set in accordance with an indication signal input via
a user interface, distribution information of viscoelastic
coeflicients, which is a measurement result of strain com-
puted by a strain computation unit, or the like, and controls
the vibrator driving unit. The present disclosure can be
applied to, for example, an ultrasound diagnostic imaging
apparatus that generates an ultrasound image based on a
signal from a probe that captures an ultrasound image, and
displays the ultrasound image.
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ULTRASOUND PROCESSING APPARATUS
AND METHOD, AND PROGRAM

TECHNICAL FIELD

[0001] The present disclosure relates to an ultrasound
processing apparatus and method, and a program, and par-
ticularly relates to an ultrasound processing apparatus and
method, and a program that enable easy and stable mea-
surement of tissue characteristics.

BACKGROUND ART

[0002] Static elastography using ultrasound is a technique
of pressing a probe against a tissue to apply physical
vibration, and displaying the degree (displacement and
strain) of vibration as numerical values superimposed on an
image. At present, a static elastography technique that is
widely used clinically is a technique of vibrating a probe by
hand.

[0003] This technique has difficulty in quantifying vibra-
tion (pressure). In addition, the direction of vibration does
not coincide with an image surface, which results in incor-
rect elastography results, in some cases. Furthermore, this
technique is difficult to apply especially to cases where the
probe cannot be directly operated by hand, such as in
laparoscopic surgery, for example.

[0004] Meanwhile, for example, Patent Literature 1 sug-
gests implementation of elastography using a vibrator.

CITATION LIST

Patent Literature

[0005] Patent Literature 1: JP 2000-60853A
SUMMARY OF INVENTION
Technical Problem
[0006] Unfortunately, although the vibrator is vibrated in

accordance with the output of a low-frequency oscillator
according to Patent Literature 1, the control of the low-
frequency oscillator is intended for switching between nor-
mal B-mode image acquisition and a signal acquisition
mode during compression.

[0007] Furthermore, to measure the strain of a tissue, it is
necessary for mechanical vibration to propagate to the target
tissue part. On the other hand, too strong vibration (com-
pression) lowers measurement accuracy.

[0008] The present disclosure, which has been made in
view of such circumstances, enables easy and stable mea-
surement of tissue characteristics.

Solution to Problem

[0009] According to an aspect of the present disclosure,
there is provided an ultrasound processing apparatus includ-
ing: a vibration control unit configured to set a vibration
parameter of a vibration generating unit incorporated in a
probe to vibrate the probe; and a vibration driving unit
configured to drive the vibration generating unit based on
the vibration parameter set by the vibrator control unit.
[0010] The vibrator control unit can set the vibration
parameter in accordance with a user operation.

[0011] The user operation is setting of a focus position or
setting of a region of interest (ROI).
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[0012] A strain measurement unit configured to measure
strain of an object based on an ultrasound signal acquired
from a vibrating element of the probe can be further
included. The vibrator control unit can set the vibration
parameter in accordance with a result of the strain measured
by the strain measurement unit.

[0013] The vibration parameter is a displacement, a vibra-
tion frequency, or a direction of a vibration.

[0014] The strain measurement unit can synchronize a
timing of measurement of the strain with a vibration gen-
erated by the vibration generating unit.

[0015] A plurality of the vibration generating units are
incorporated in the probe.

[0016] The probe is used in contact with an organ or a
tissue during surgery.

[0017] According to an aspect of the present disclosure,
there is provided an ultrasound processing method includ-
ing: setting, by a ultrasound processing apparatus, a vibra-
tion parameter of a vibration generating unit incorporated in
a probe to vibrate the probe; and driving, by the ultrasound
processing apparatus, the vibration generating unit based on
the set vibration parameter.

[0018] According to an aspect of the present disclosure,
there is provided a program for causing a computer to
function as: a vibration control unit configured to set a
vibration parameter of a vibration generating unit incorpo-
rated in a probe to vibrate the probe; and a vibration driving
unit configured to drive the vibration generating unit based
on the vibration parameter set by the vibrator control unit.
[0019] According to an aspect of the present disclosure, a
vibration parameter of a vibration generating unit incorpo-
rated in a probe is set in order to vibrate the probe. The
vibration generating unit is driven based on the set vibration
parameter.

Advantageous Effects of Invention

[0020] According to the present disclosure, tissue charac-
teristics can be measured easily and stably.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1 is a block diagram illustrating an example
configuration of an ultrasound diagnostic imaging apparatus
to which the present technology is applied.

[0022] FIG. 2 is a flowchart for describing an example of
ultrasound signal processing.

[0023] FIG. 3 is a flowchart for describing another
example of ultrasound signal processing.

[0024] FIG. 4 is a view for describing control of eccen-
tricity.
[0025] FIG. 5 is a view for describing control of eccen-
tricity.
[0026] FIG. 6 is a view for describing control of eccen-
tricity.
[0027] FIG. 7 is a flowchart for describing further another

example of ultrasound signal processing.
[0028] FIG. 8 is a block diagram illustrating an example
configuration of a computer.

DESCRIPTION OF EMBODIMENTS

[0029] Hereinafter, modes (hereinafter called embodi-
ments) for carrying out the present disclosure will be
described. The description is given in the following order.
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1. First embodiment (ultrasound diagnostic imaging appa-
ratus)

2. Second embodiment (computer)
First Embodiment

Example Configuration of Ultrasound Diagnostic
Imaging Apparatus

[0030] FIG. 1 illustrates an example configuration of an
ultrasound diagnostic imaging apparatus as an ultrasound
processing apparatus to which the present technology is
applied.

[0031] An ultrasound diagnostic imaging apparatus 11
illustrated in FIG. 1 is an apparatus that captures an image
(i.e., ultrasound image) of the inside of an object (target) by
using ultrasound and displays the image. The ultrasound
diagnostic imaging apparatus 11 is, for example, used for
capturing images of the inside of a patient’s body or a fetus
or used in direct contact with an organ or a tissue during
surgery in medical care, or used for capturing images of
cross sections of the inside of a product in industry.
[0032] The ultrasound diagnostic imaging apparatus 11
includes an ultrasound probe 21, an ultrasound signal pro-
cessing unit 22, a user interface 23, and an image display
unit 24.

[0033] The ultrasound probe 21, which is a part that is
pressed against an object (a living body (e.g., skin)) or the
like to capture an image of the object, includes a vibrator 31
and a transducer 32. The ultrasound probe 21 may be a 1D
array or a 2D array.

[0034] The vibrator 31, which is a vibration generating
unit (eccentric motor) that is incorporated in the ultrasound
probe 21 to vibrate the ultrasound probe 21, is driven by a
vibrator driving unit 41 of the ultrasound signal processing
unit 22. Note that the vibration generating unit is not limited
to a vibrator, and any kind of vibration generating unit that
has directivity and can have its rotation controlled is pref-
erably used. The number of the vibrators 31 is not limited to
one. Since the applied force changes depending on the
weight of an eccentric weight, a plurality of vibration
generating units (eccentric motors) with different sizes can
be provided to allow control of various sizes. Alternatively,
for example, a plurality of vibration generating units with
different rotation directions may be incorporated.

[0035] The transducer 32 is configured with, for example,
an array vibrating element in which a plurality of vibrating
elements are arranged, the vibrating elements being
arranged on the side in contact with the object. The trans-
ducer 32 emits an ultrasound beam to the object based on an
ultrasound signal from a transmission and reception sepa-
rating unit 43 of the ultrasound signal processing unit 22. In
addition, the transducer 32 receives reflected waves from the
object (a signal that is reflected and diffused by the object)
and supplies the received signal to the transmission and
reception separating unit 43.

[0036] The ultrasound signal processing unit 22 includes
the vibrator driving unit 41, a vibrator control unit 42, the
transmission and reception separating unit 43, a transmis-
sion BF unit 44, a reception BF unit 45, a strain computation
unit 46, an imaging signal processing unit 47, and a scan
converter 48.

[0037] The vibrator driving unit 41 is a vibration driving
unit that drives the vibration of the vibrator 31. The vibrator
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driving unit 41 drives the vibrator 31 incorporated in the
ultrasound probe 21 based on a vibration parameter from the
vibrator control unit 42.

[0038] The vibrator control unit 42 is a vibration control
unit that controls the vibration of the vibrator 31. The
vibrator control unit 42 supplies a vibration parameter set in
advance to the vibrator driving unit 41 to control the vibrator
driving unit 41.

[0039] Alternatively, the vibrator control unit 42 sets or
adjusts the vibration parameter in accordance with an indi-
cation signal (e.g., a region of interest (ROI) or the depth of
focus in a depth direction) input via the user interface 23,
distribution information of viscoelastic coefficients, which is
a measurement result of strain computed by the strain
computation unit 46, or the like. The vibrator control unit 42
supplies the set or adjusted vibration parameter to the
vibrator driving unit 41 to control the vibrator driving unit
41.

[0040] Examples of the vibration parameter include the
displacement (intensity) of vibration, vibration frequency
(also called frequency), and the direction of rotation (orien-
tation of eccentricity). Note that a parameter other than these
examples may be used. Although FIG. 1 illustrates an
example in which the vibration generating unit is the vibra-
tor 31, the vibration generating unit is not limited to a
vibrator and it is possible to use any vibration generating
unit that generates vibration of which the above vibration
parameter can be controlled.

[0041] The transmission and reception separating unit 43
is a switch that switches transmission and reception of an
ultrasound signal. The transmission and reception separating
unit 43 receives an ultrasound signal from the transmission
BF unit 44, and supplies the received ultrasound signal to the
transducer 32. The transmission and reception separating
unit 43 receives an ultrasound signal from the transducer 32,
and supplies the received ultrasound signal to the reception
BF unit 45.

[0042] The transmission BF unit 44 performs a transmis-
sion beamforming process, which is a process to generate an
ultrasound signal (waveform), and outputs the signal after
the transmission beamforming process to the transmission
and reception separating unit 43.

[0043] The reception BF unit 45 performs a reception
beamforming process on a signal received from the trans-
mission and reception separating unit 43. The reception
beamforming process is specifically the following process:
based on a distance from a target point in a measuring area
to the transducer 32 in the ultrasound probe 21, phases of
received waves are matched through a process to add signals
obtained by delaying each of the received waves of each
vibrating element (hereinafter called phasing addition pro-
cess as appropriate), and a reflected wave detection signal
(hereinafter called RF signal) indicating the intensity of
reflected waves from the target point in the measuring area
is generated.

[0044] The reception BF unit 45 supplies the signal after
the reception beamforming process (after the phasing addi-
tion) to the strain computation unit 46 and the imaging signal
processing unit 47.

[0045] The strain computation unit 46 measures strain of
the object (inside) including an inspection target by using the
signal after the phasing addition from the reception BF unit
45. In other words, the strain computation unit 46 finds the
distribution of viscoelastic coeflicients from the signal after
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the phasing addition from the reception BF unit 45. The
strain computation unit 46 supplies distribution information
of viscoelastic coeflicients, which is a result of strain mea-
surement, to the vibrator control unit 42 and the imaging
signal processing unit 47. In this specification, a viscoelastic
coeflicient does not mean a viscoelastic modulus itself but
means any coeflicient that indicates viscoelasticity.

[0046] The imaging signal processing unit 47 performs
signal processing on the signal after the phasing addition
from the reception BF unit 45 to convert the signal to a
brightness image (brightness (B)-mode image). The imaging
signal processing unit 47 superimposes the distribution
information of viscoelastic coeflicients on a B-mode image
obtained by the conversion to generate a display image. The
imaging signal processing unit 47 supplies the generated
display image to the scan converter 48.

[0047] The scan converter 48 causes the image display
unit 24 to display the display image from the imaging signal
processing unit 47.

[0048] The user interface 23 is configured with, for
example, a mouse or a keyboard. The user interface 23
supplies information corresponding to a user operation to the
vibrator control unit 42 and the transmission BF unit 44.
[0049] The image display unit 24 is configured with, for
example, a liquid crystal display (LCD), and displays the
display image from the scan converter 48.

[0050] Here, methods for controlling the driving of the
vibrator 31 include the following first to third methods.
[0051] The first method is a method of not performing
control based on a user, i.e., a user-specified focus position
or a region of interest (ROI), control using distribution
information of viscoelastic coefficients, or the like.

[0052] The second method is a method of performing only
control based on an ROI or a user-specified focus position.
The third method is a method of performing control based on
an ROI or a user-specified focus position and control using
distribution information of viscoelastic coefficients.

[0053] Here, a focus in an ultrasound apparatus is set at
any “depth” vertically below a vibrating element. Generally
controlled is one depth within a screen, which is one-
dimensional. The same definition applies to this specifica-
tion. In contrast, an ROI in this specification indicates a
specific region in a screen; controlled is a position within a
screen (with respect to a lateral direction as well as depth),
which is two-dimensional.

[Example of Ultrasound Signal Processing]

[0054] First, ultrasound signal processing in the case of
performing vibrator control by the first method is described
with reference to the flowchart in in FIG. 2. For example,
described is vibrator control by a method of not performing
control based on a user, i.e., an ROI, control using distri-
bution information of viscoelastic coeflicients, or the like.

[0055] In step S21, the vibrator control unit 42 and the
transmission BF unit 44 wait until a strain measurement
mode (also called elastography mode) is turned on. In
response to an indication signal from a user input via the
user interface 23, when it is determined that the strain
measurement mode has been turned on in the vibrator
control unit 42 in step S21, the processing proceeds to step
S22.

[0056] The vibrator control unit 42 supplies a vibration
parameter set in advance to the vibrator driving unit 41 in
accordance with the indication signal input via the user
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interface 23. In response to this, in step S22, the vibrator
driving unit 41 drives the vibrator 31 incorporated in the
ultrasound probe 21 based on the vibration parameter from
the vibrator control unit 42.

[0057] The transmission BF unit 44 starts the transmission
beamforming process in accordance with the indication
signal input via the user interface 23. In response to this, in
step S23, the reception BF unit 45 acquires signals for two
frames. The number of frames acquired here is at least two,
and may be three or more.

[0058] Specifically, the transmission BF unit 44 performs
a transmission beamforming process, which is a process to
generate an ultrasound signal (waveform), in accordance
with the indication signal input via the user interface 23, and
outputs the signal after the transmission beamforming pro-
cess to the transmission and reception separating unit 43.
The transmission and reception separating unit 43 receives
the ultrasound signal from the transmission BF unit 44, and
supplies the received ultrasound signal to the transducer 32.
[0059] The transducer 32 emits an ultrasound beam to the
object based on the ultrasound signal from the transmission
and reception separating unit 43. In addition, the transducer
32 receives reflected waves from the object (a signal that is
reflected and diffused by the object) and supplies the
received signal to the transmission and reception separating
unit 43. The transmission and reception separating unit 43
receives the ultrasound signal from the transducer 32, and
supplies the received ultrasound signal to the reception BF
unit 45.

[0060] These processes are performed for two frames and
thus the reception BF unit 45 acquires signals for two
frames. The reception BF unit 45 performs a reception
beamforming process on the signals for two frames, and
supplies the signal after the process (after the phasing
addition) to the strain computation unit 46 and the imaging
signal processing unit 47.

[0061] In step S24, the strain computation unit 46 mea-
sures strain. In other words, the strain computation unit 46
finds the distribution of viscoelastic coefficients from the
signal after the phasing addition from the reception BF unit
45, and supplies the found distribution information of vis-
coelastic coefficients to the imaging signal processing unit
47.

[0062] Frequency or the like can be controlled by the
vibrator control unit 42; thus, the vibration of the vibration
generating unit (vibrator) and the timing of strain measure-
ment by the strain computation unit 46 can be synchronized.
Strain measurement at a point without acceleration in vibra-
tion (timing at the turning point of vibration) is difficult to
perform accurately. The synchronization can eliminate inac-
curate measurement results.

[0063] In step S25, the imaging signal processing unit 47
performs B-mode imaging. In other words, the imaging
signal processing unit 47 performs signal processing on the
signal after the phasing addition from the reception BF unit
45 to convert the signal to a brightness image (B-mode
image).

[0064] In step S26, the imaging signal processing unit 47
superimposes the distribution information (map) of vis-
coelastic coeflicients on the B-mode image obtained by the
conversion to generate a display image. In the elastography
mode, the distribution information of viscoelastic coeffi-
cients may be superimposed on the B-mode image as an
image in which different coeflicients are colored in different
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colors, or numerical values of the distribution information
may be superimposed on the B-mode image as they are to be
displayed. The imaging signal processing unit 47 supplies
the generated display image to the scan converter 48.
[0065] Instep S27, the scan converter 48 causes the image
display unit 24 configured with an LCD or the like to display
the display image from the imaging signal processing unit
47.

[0066] In the example of FIG. 2, in step S22, the driving
of the vibrator is controlled based on the vibration parameter
set in advance. Note that in this case, the driving may be
controlled based on a parameter such as intensity or vibra-
tion frequency that is directly input via the user interface 23,
instead of a vibration parameter set in advance.

[Another Example of Ultrasound Signal Processing]

[0067] Next, ultrasound signal processing in the case of
performing vibrator control by the second method is
described with reference to the flowchart in in FIG. 3. In
other words, described is a method of performing feedfor-
ward control based on a focus position or an ROI. Note that
the processing of steps S41 and S43 to S48 in FIG. 3 is
basically the same as that of steps S21 to S27 in FIG. 2 and
detailed description of the processing is omitted.

[0068] In step S41, the vibrator control unit 42 and the
transmission BF unit 44 wait until a strain measurement
mode is turned on. In response to an indication signal from
a user input via the user interface 23, when it is determined
that the strain measurement mode has been turned on in the
vibrator control unit 42 in step S41, the processing proceeds
to step S42.

[0069] In step S42, the vibrator control unit 42 decides, in
accordance with the indication signal input via the user
interface 23, a vibration parameter based on the setting of an
ROI or a focus position (including the depth of focus in a
depth direction) specified by the user, and supplies the
vibration parameter to the vibrator driving unit 41. In
response to this, in step S43, the vibrator driving unit 41
drives the vibrator 31 incorporated in the ultrasound probe
21 based on the vibration parameter from the vibrator
control unit 42.

[0070] The transmission BF unit 44 starts the transmission
beamforming process in accordance with the indication
signal input via the user interface 23. In response to this, in
step S44, the reception BF unit 45 acquires signals for two
frames.

[0071] 1In step S45, the strain computation unit 46 mea-
sures strain. In other words, the strain computation unit 46
finds the distribution of viscoelastic coefficients from the
signal after the phasing addition from the reception BF unit
45, and supplies the found distribution information of vis-
coelastic coefficients to the imaging signal processing unit
47.

[0072] In step S46, the imaging signal processing unit 47
performs B-mode imaging. In other words, the imaging
signal processing unit 47 performs signal processing on the
signal after the phasing addition from the reception BF unit
45 to convert the signal to a brightness image (B-mode
image).

[0073] In step S47, the imaging signal processing unit 47
superimposes the distribution information of viscoelastic
coeflicients on the B-mode image obtained by the conver-
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sion to generate a display image. The imaging signal pro-
cessing unit 47 supplies the generated display image to the
scan converter 48.

[0074] Instep S48, the scan converter 48 causes the image
display unit 24 configured with an LCD or the like to display
the display image from the imaging signal processing unit
47.

[0075] As described above, in the ultrasound signal pro-
cessing in FIG. 3, a vibration parameter group for driving the
vibrator 31 is calculated from the state of an ROI or a focus
position input by a user.

[0076] Accordingly, for example, the vibration can be
controlled to be small when the focus position is shallow,
and to be relatively large when the focus position is deep. In
addition, for example, when the ROI is misaligned with the
center of the transducer 32, eccentricity can be controlled
(e.g., the direction of the vibration can be inclined toward
the center of the ROI).

[Control of Eccentricity]

[0077] Next, control of eccentricity using the vibrator 31
is described with reference to FIGS. 4 to 6.

[0078] The example of FIG. 4 illustrates a state in which
the ultrasound probe 21 that is a 1D or 2D array is in contact
with an object, the state being viewed from a side surface
where vibrating elements of the ultrasound probe 21 are
arranged. The side surface where vibrating elements of the
ultrasound probe 21 are arranged is a side surface of a long
side in the case of a 1D array. That is, in the figure, vibrating
elements are arranged from the left toward the right in the
ultrasound probe 21.

[0079] The example of FIG. 4 illustrates the Yaw axis of
the ultrasound probe 21. The Yaw axis is an axis that rotates
parallel to the object when viewed from above the ultra-
sound probe 21. As illustrated in “A” of FIG. 4, the
ultrasound probe 21 is generally placed right above an ROI
or inspection target, so that a cross-sectional image of the
ROI or inspection target can be acquired.

[0080] Here, when the ultrasound probe 21 is slightly
misaligned with the position right above the ROI or inspec-
tion target as illustrated in “B” of FIG. 4, a cross-sectional
image of the ROI or inspection target cannot be acquired. In
addition, inclining the ultrasound probe 21 itself to incline
the Yaw axis is not practical because that would bring a
sensor surface (e.g., the left side portion of the sensor
surface in the figure) of the ultrasound probe 21 out of
contact with the object in some cases.

[0081] Therefore, the eccentricity of the Yaw axis is
controlled in the following manner: the vibration parameter
of the vibrator 31 is adjusted so that the Yaw axis in a state
of being perpendicular to the ROI or inspection target, as
indicated by an arrow P1, 1s inclined in a clockwise direction
in the figure as indicated by an arrow P2. Thus, even if the
ultrasound probe 21 is slightly misaligned with the position
right above the ROI or inspection target as indicated by a
thick arrow P3 in the figure, a cross-sectional image of the
ROI or inspection target can be acquired.

[0082] Next, the example of FIG. 5 illustrates a state in
which the ultrasound probe 21 that is a 1D array is in contact
with an object, the state being viewed from a side surface
where vibrating elements of the ultrasound probe 21 are not
arranged. The side surface where vibrating elements of the
ultrasound probe 21 are not arranged is a side surface of a
short side in the case of a 1D array. That is, in the figure,
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vibrating elements are arranged from the front toward the
back in the ultrasound probe 21.

[0083] The example of FIG. 5 illustrates the Pitch axis of
the ultrasound probe 21. The Pitch axis is an axis that rotates
to-and-fro when viewed from a side surface of the ultra-
sound probe 21. As illustrated in “A” of FIG. 5, the
ultrasound probe 21 is generally placed right above an ROI
or inspection target, so that a cross-sectional image of the
ROI or inspection target can be acquired.

[0084] Here, when the ultrasound probe 21 is slightly
misaligned with the position right above the ROI or inspec-
tion target, a cross-sectional image of the ROI or inspection
target cannot be acquired. However, unlike in the case of
FIG. 4, regarding the Pitch axis, when a user inclines the
ultrasound probe 21 itself with one’s hand or the like, as
illustrated in “B” of FIG. 5, even if the ultrasound probe 21
is slightly misaligned with the position right above the ROI
or inspection target as indicated by a thick arrow P13 in the
figure, a cross-sectional image of the ROI or inspection
target can be acquired.

[0085] In other words, in the case of a 1D array, the
inclination of the Pitch axis indicated by an arrow P12
always coincides with the inclination of the ultrasound probe
21 indicated by the thick arrow P13. This eliminates the need
to change the inclination of the Pitch axis with respect to the
ultrasound probe 21.

[0086] Furthermore, the example of FIG. 6 illustrates a
state in which the ultrasound probe 21 that is a 2D array is
in contact with an object, the state being viewed from the
same side surface as in the example of FIG. 5. Since the
ultrasound probe 21 is a 2D array, in the figure, vibrating
elements are arranged from the front toward the back in the
ultrasound probe 21, and are also arranged from the left
toward the right.

[0087] The example of FIG. 6 illustrates the Pitch axis of
the ultrasound probe 21. The Pitch axis is an axis that rotates
to-and-fro when viewed from a side surface of the ultra-
sound probe 21. As illustrated in “A” of FIG. 6, the
ultrasound probe 21 is generally placed right above an ROI
or inspection target, so that a cross-sectional image of the
ROI or inspection target can be acquired.

[0088] Here, when the ultrasound probe 21 is slightly
misaligned with the position right above the ROI or inspec-
tion target as illustrated in “B” of FIG. 6, a cross-sectional
image of the ROI or inspection target cannot be acquired. In
addition, inclining the ultrasound probe 21 itself to incline
the Pitch axis is not practical because that would bring a
sensor surface (e.g., the left side portion of the sensor
surface in the figure) of the ultrasound probe 21 out of
contact with the object in some cases, because the ultrasound
probe 21 is a 2D array.

[0089] Therefore, the eccentricity of the Pitch axis is
controlled in the following manner: the Pitch axis in a state
of being perpendicular to the ROI or inspection target, as
indicated by an arrow P31, is inclined in a clockwise
direction in the figure as indicated by an arrow P32.
[0090] In this case, unlike in the case of the Yaw axis in
FIG. 4, it is necessary to also control the rotation axis (Pitch
axis) of a vibration generating unit (i.e., the vibrator 31) for
applying pressure. That is, in the example of FIG. 6, it is
preferred to control at least two vibration generating units
(i.e., the vibrators 31) for the Yaw axis and the Pitch axis.
[0091] In this manner, that is, by adjusting the orientation
of the eccentricity of a vibration parameter, even if the
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ultrasound probe 21 is slightly misaligned with the position
right above the ROI or inspection target as indicated by a
thick arrow P33 in the figure, a cross-sectional image of the
ROI or inspection target can be acquired.

[Another Example of Ultrasound Signal Processing]

[0092] Next, ultrasound signal processing in the case of
performing vibrator control by the third method is described
with reference to the flowchart in in FIG. 7. In other words,
described is a method of performing feedforward control
based on an ROI and feedback control using distribution
information of viscoelastic coeflicients. Note that the pro-
cessing of steps S61, S63 to S65, and S67 to S69 in FIG. 7
is basically the same as that of steps S21 to S27 in FIG. 2
and detailed description of the processing is omitted.
[0093] In step S61, the vibrator control unit 42 and the
transmission BF unit 44 wait until a strain measurement
mode is turned on. In response to an indication signal from
a user input via the user interface 23, when it is determined
that the strain measurement mode has been turned on in the
vibrator control unit 42 in step S61, the processing proceeds
to step S62.

[0094] In step S62, the vibrator control unit 42 decides, in
accordance with the indication signal input via the user
interface 23, a vibration parameter based on the setting of an
ROI or a focus position (including the depth of focus in a
depth direction) specified by the user.

[0095] In step S63, the vibrator driving unit 41 drives the
vibrator 31 incorporated in the ultrasound probe 21 based on
the vibration parameter from the vibrator control unit 42.
Note that the vibrator control unit 42 controls the vibrator
driving unit 41 by using a parameter obtained by adjusting,
in S66 which is described later, the vibration parameter
decided in step S62.

[0096] The transmission BF unit 44 starts the transmission
beamforming process in accordance with the indication
signal input via the user interface 23. In response to this, in
step S64, the reception BF unit 45 acquires signals for two
frames.

[0097] In step S65, the strain computation unit 46 mea-
sures strain. In other words, the strain computation unit 46
finds the distribution of viscoelastic coefficients from the
signal after the phasing addition from the reception BF unit
45, and supplies the found distribution information of vis-
coelastic coeficients to the vibrator control unit 42 and the
imaging signal processing unit 47.

[0098] 1In step S66, the vibrator control unit 42 adjusts the
vibration parameter based on a measured value. In other
words, the vibrator control unit 42 adjusts the vibration
parameter decided in step S62 in accordance with the
distribution information of viscoelastic coefficients from the
strain computation unit 46. The vibrator control unit 42
supplies the adjusted vibration parameter to the vibrator
driving unit 41.

[0099] In step S67, the imaging signal processing unit 47
performs B-mode imaging. In other words, the imaging
signal processing unit 47 performs signal processing on the
signal after the phasing addition from the reception BF unit
45 to convert the signal to a brightness image (B-mode
image).

[0100] In step S68, the imaging signal processing unit 47
superimposes the distribution information of viscoelastic
coeflicients on the B-mode image obtained by the conver-
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sion to generate a display image. The imaging signal pro-
cessing unit 47 supplies the generated display image to the
scan converter 48.

[0101] Instep S69, the scan converter 48 causes the image
display unit 24 configured with an LCD or the like to display
the display image from the imaging signal processing unit
47.

[0102] As described above, in the ultrasound signal pro-
cessing in FIG. 7, a parameter group for driving the vibrator
31 is adjusted based on distribution information of vis-
coelastic coefficients, which is a result of strain measure-
ment.

[0103] For example, vibration intensity is gradually
increased when the distribution information of viscoelastic
coeflicients of an ROI does not exhibit a significant distri-
bution. It is also possible to monitor variations of strain and,
control the vibration (e.g., gradually decrease vibration
intensity in the case of a wide scatter) based on feedback of
a strain result.

[0104] In the case of changing the intensity of vibration,
conceivable methods are a method of synchronously con-
trolling the rotation of the vibrator 31 (eccentric motor) and
a method of mounting a plurality of motors equipped with
weights having different weights or eccentricities in
advance. When a controllable range of rotation control is
exceeded, it is possible to perform a process such as switch-
ing to an eccentric motor that can produce a larger motion.
[0105] As described above, the present technology incor-
porates a vibration generating unit in a probe so that vibra-
tion can always be quantified and coincide with an image
surface. This makes it possible to find viscoelastic coeffi-
cients more stably than by using a manual technique (a
technique using hands).

[0106] The present technology can be applied to laparo-
scopic surgery, thoracoscopic surgery, and the like, which
are difficult to carry out by a manual technique. That is, the
above-described probe can be used in contact with an organ
or a tissue during such surgery.

[0107] The intensity of vibration, frequency correspond-
ing to tissue characteristics, or the like can be set appropri-
ately in accordance with a user-specified ROI.

[0108] The intensity of vibration, frequency correspond-
ing to tissue characteristics, or the like can be set appropri-
ately by feedback control based on a strain measurement
result.

[0109] Since frequency or the like can be controlled, the
vibration of the vibration generating unit (vibrator) and the
timing of strain measurement can be synchronized. Strain
measurement at a point without acceleration in vibration
(timing at the turning point of vibration) is difficult to
perform accurately. Accordingly, for example, measurement
is not performed at a zero acceleration point in the vibration
but performed at a point with acceleration. Such synchro-
nization can eliminate inaccurate measurement results.
[0110] According to the above description, the present
technology makes it possible to measure tissue characteris-
tics easily and stably with an ultrasound signal processing
apparatus that is used during surgery. This allows, for
example, support of the determination of a surgical form for
segmental resection of a tissue or the like or the decision of
the extent of resection.

[0111] The present technology can be used for both medi-
cal care purposes and non-medical care purposes. In the case
of non-medical care purposes, it is preferred to, for example,
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allow the frequency and intensity of ultrasound to be
adjusted appropriately so that a viscus or the like does not
appear in the image.

[0112] Furthermore, the present technology can be used
for animals, plants, and artifacts, for example, as well as
human in various scenes where images of cross sections of
objects are captured by using ultrasound.

[0113] The series of processes described above can be
executed by hardware but can also be executed by software.
When the series of processes is executed by software, a
program that constructs such software is installed into a
computer. Here, the expression “computer” includes a com-
puter in which dedicated hardware is incorporated and a
general-purpose personal computer or the like that is capable
of executing various functions when various programs are
installed.

Second Embodiment

Computer Configuration Fxample

[0114] FIG. 8 is a block diagram showing an example
configuration of the hardware of a computer that executes
the series of processes described earlier according to a
program.

[0115] In a computer, a CPU (Central Processing Unit)
401, a ROM (Read Only Memory) 402, and a RAM (Ran-
dom Access Memory) 403 are mutually connected by a bus
404.

[0116] An input/output interface 405 is also connected to
the bus 404. An input unit 406, an output unit 407, a storage
unit 408, a communication unit 409, and a drive 410 are
connected to the input/output interface 405.

[0117] The input unit 406 is configured from a keyboard,
a mouse, a microphone or the like. The output unit 407
configured from a display, a speaker or the like. The storage
unit 408 is configured from a hard disk, a non-volatile
memory or the like. The communication unit 409 is config-
ured from a network interface or the like. The drive 410
drives a removable medium 411 such as a magnetic disk, an
optical disk, a magneto-optical disk, a semiconductor
memory or the like.

[0118] In the computer configured as described above, as
one example the CPU 401 loads a program stored in the
storage unit 408 via the input/output interface 405 and the
bus 404 into the RAM 403 and executes the program to carry
out the series of processes described earlier.

[0119] As one example, the program executed by the
computer (the CPU 401) may be provided by being recorded
on the removable medium 411 as a packaged medium or the
like. The program can also be provided via a wired or
wireless transfer medium, such as a local area network, the
Internet, or a digital broadcast.

[0120] In the computer, by loading the removable medium
411 into the drive 410, the program can be installed into the
storage unit 408 via the input/output interface 405. It is also
possible to receive the program from a wired or wireless
transfer medium using the communication unit 409 and
install the program into the storage unit 408. As another
alternative, the program can be installed in advance into the
ROM 402 or the storage unit 408.

[0121] Note that the program executed by the computer
may be a program in which processes are carried out in a
time series in the order described in this specification or may
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be a program in which processes are carried out in parallel
or at necessary timing, such as when the processes are
called.

[0122] Further, in this specification, the term “system”
refers to a whole device composed of a plurality of devices,
blocks, or means, for example.

[0123] An embodiment of the disclosure is not limited to
the embodiments described above, and various changes and
modifications may be made without departing from the
scope of the disclosure.

[0124] The preferred embodiments of the present disclo-
sure have been described above with reference to the accom-
panying drawings, whilst the disclosure is not limited to the
above examples, of course. A person skilled in the art may
find various alterations and modifications within the scope
of the appended claims, and it should be understood that
they will naturally come under the technical scope of the
present disclosure.

[0125] Additionally, the present technology may also be
configured as below.

()

[0126] An ultrasound processing apparatus including:
[0127] a vibration control unit configured to set a vibration

parameter of a vibration generating unit incorporated in a
probe to vibrate the probe; and
[0128] a vibration driving unit configured to drive the
vibration generating unit based on the vibration parameter
set by the vibrator control unit.

2

[0129] The ultrasound processing apparatus according to
(1),

[0130] wherein the vibrator control unit sets the vibration
parameter in accordance with a user operation.

©)

[0131] The ultrasound processing apparatus according to
),

[0132] wherein the user operation is setting of a focus
position or setting of a region of interest (ROI).

S

[0133] The ultrasound processing apparatus according to

any of (1) to (3), further including:

[0134] a strain measurement unit configured to measure
strain of an object based on an ultrasound signal acquired
from a vibrating element of the probe,

[0135] wherein the vibrator control unit sets the vibration
parameter in accordance with a result of the strain measured
by the strain measurement unit.

)

[0136] The ultrasound processing apparatus according to
any of (1) to (4),

[0137] wherein the vibration parameter is a displacement,
a vibration frequency, or a direction of a vibration.

(6)

[0138] The ultrasound processing apparatus according to
(4 or (5),
[0139] wherein the strain measurement unit synchronizes

a timing of measurement of the strain with a vibration
generated by the vibration generating unit.

™)

[0140] The ultrasound processing apparatus according to
any of (1) to (6),

[0141] wherein a plurality of the vibration generating units
are incorporated in the probe.
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®)
[0142] The ultrasound processing apparatus according to
any of (1) to (6),

[0143] wherein the probe is used in contact with an organ
or a tissue during surgery.

)

[0144] An ultrasound processing method including;
[0145] setting, by a ultrasound processing apparatus, a

vibration parameter of a vibration generating unit incorpo-
rated in a probe to vibrate the probe; and

[0146] driving, by the ultrasound processing apparatus,
the vibration generating unit based on the set vibration
parameter.

(10)
[0147] A program for causing a computer to function as:
[0148] a vibration control unit configured to set a vibration

parameter of a vibration generating unit incorporated in a
probe to vibrate the probe; and
[0149] a vibration driving unit configured to drive the
vibration generating unit based on the vibration parameter
set by the vibrator control unit.

REFERENCE SIGNS LIST

[0150] 11 ultrasound diagnostic imaging apparatus
[0151] 21 ultrasound probe

[0152] 22 ultrasound signal processing unit

[0153] 23 user interface

[0154] 24 image display unit

[0155] 31 vibrator

[0156] 32 transducer

[0157] 41 vibrator driving unit

[0158] 42 vibrator control unit

[0159] 43 transmission and reception separating unit
[0160] 44 transmission BF unit

[0161] 45 reception BF unit

[0162] 46 strain computation unit

[0163] 47 imaging signal processing unit

[0164] 48 scan converter

1. An ultrasound processing apparatus comprising:
a vibration control unit configured to set a vibration
parameter of a vibration generating unit incorporated in
a probe to vibrate the probe; and
a vibration driving unit configured to drive the vibration
generating unit based on the vibration parameter set by
the vibrator control unit.
2. The ultrasound processing apparatus according to claim
15
wherein the vibrator control unit sets the vibration param-
eter in accordance with a user operation.
3. The ultrasound processing apparatus according to claim
2,
wherein the user operation is setting of a focus position or
setting of a region of interest (ROI).
4. The ultrasound processing apparatus according to claim
3, further comprising:
a strain measurement unit configured to measure strain of
an object based on an ultrasound signal acquired from
a vibrating element of the probe,
wherein the vibrator control unit sets the vibration param-
eter in accordance with a result of the strain measured
by the strain measurement unit.
5. The ultrasound processing apparatus according to claim
45
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wherein the vibration parameter is a displacement, a
vibration frequency, or a direction of a vibration.
6. The ultrasound processing apparatus according to claim
45
wherein the strain measurement unit synchronizes a tim-
ing of measurement of the strain with a vibration
generated by the vibration generating unit.
7. The ultrasound processing apparatus according to claim
4,
wherein a plurality of the vibration generating units are
incorporated in the probe.
8. The ultrasound processing apparatus according to claim
4,
wherein the probe is used in contact with an organ or a
tissue during surgery.
9. An ultrasound processing method comprising:
setting, by a ultrasound processing apparatus, a vibration
parameter of a vibration generating unit incorporated in
a probe to vibrate the probe; and
driving, by the ultrasound processing apparatus, the vibra-
tion generating unit based on the set vibration param-
eter.
10. A program for causing a computer to function as:
a vibration control unit configured to set a vibration
parameter of a vibration generating unit incorporated in
a probe to vibrate the probe; and
a vibration driving unit configured to drive the vibration
generating unit based on the vibration parameter set by
the vibrator control unit.

® % % % %

Nov. 3,2016



patsnap

TRAFROE) BE R BEEN G EURER
NIF(2E)E US20160317128A1 K (2E)R 2016-11-03
HiES US14/782990 HiEA 2014-04-09

R EERR)AGE) REAT
BMEERRAGE) — REAF

HAHRBEIRAGE) RELH

[FRIRBAA SAKAGUCHI TATSUMI

RBAAN SAKAGUCHI, TATSUMI

IPCH %S A61B8/08 A61B8/12 G01S7/52 A61B8/00

CPCH¥S A61B8/5223 A61B8/469 A61B8/485 G01S7/52042 A61B8/461 A61B8/4444 A61B8/12 A61B8/08

G01S15/8915 G16H50/30

LR 2013089348 2013-04-22 JP
SNEBEEE Espacenet USPTO
RER)

ARFFREGRZ ARERN BALGHNBE RGEREMSENR
REF. EHFRBHETETREFIREFHLE TWRISBED DS PrGHAS oS
EEARRAPRIRSER. RRRHETRERBZEAFEORA ’ a1
HNERESRENRISHE , FNEANZITELETIHENNENNES ]
ROKBMUERBN D HERE , FERHIR B[R BT, ARFFAIE

"
OBJECT / 0BJECT
NATHMETREFHREFRGNRLINESEREFRGIERE P]S/W
: /
C> ,
\ (

EFRGHNEF MR GEE,

ROI OR INSPECTION TARGET ROI OR INSPECTION TARGET

A B


https://share-analytics.zhihuiya.com/view/cf548d85-1715-4688-9c65-02ed3d7b1369
https://worldwide.espacenet.com/patent/search/family/051791648/publication/US2016317128A1?q=US2016317128A1
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=%2220160317128%22.PGNR.&OS=DN/20160317128&RS=DN/20160317128

