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An ultrasonic measuring device includes an ultrasonic trans-
ducer device, and a processing device that performs process-
ing based on a reception signal from the ultrasonic transducer
device. The processing device includes a data acquisition unit
that, based on the reception signal, acquires 1st to K-th (K
being an integer greater than or equal to 2) A-mode waveform
data groups that correspond to cases where the direction of the
scanning plane relative to a measurement location surface is
1st to K-th directions; a selection unit that selects a measure-
ment result A-mode waveform data piece based on the 1st to
K-th A-mode waveform data groups; and a notification con-
trol unit that generates notification data based on the at least
one of the measurement result A-mode waveform data piece
and a measurement result A-mode waveform data group that
corresponds to the measurement result A-mode waveform
data piece, and outputs the generated notification data.
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ULTRASONIC MEASURING DEVICE,
PROGRAM, AND METHOD OF
CONTROLLING ULTRASONIC MEASURING
DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Japanese Patent
Application No. 2012-238668, filed Oct. 30, 2012. The entire
disclosure of Japanese Patent Application No. 2012-238668
is expressly incorporated by reference herein.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to an ultrasonic mea-

suring device, a program, a method of controlling the ultra-
sonic measuring device, and the like.

[0004] 2. Related Art

[0005] As one example of a device that emits ultrasonic
waves toward an object and receives reflected waves from
interfaces between materials that have different acoustic
impedances inside the object, there is known to be an ultra-
sonic measuring device for examining the inside of a human
body that is the test subject, for example. In typical ultrasonic
measuring devices, an ultrasonic probe and a display unit for
displaying measurement results are accommodated in sepa-
rate housings.

[0006] Meanwhile, applications of ultrasonic measuring
devices include the measurement of visceral fat, the measure-
ment of blood flow, and the like, and there is hope for such
applications to be expanded to the healthcare field, in which
the surface of the test subject is subjected to diagnostic image.
In the healthcare field, there is desire to achieve a more
compact device size by integrating the ultrasonic probe and
the display unit.

[0007] Envision a scenario in which the user presses the
ultrasonic probe against his or her own body to measure
biological information. Depending on the measurement site,
the user may possibly need to perform measurement while
pressing the ultrasonic probe against a site on his or her body
while not being able to view the screen of the display unit.
This leads to the risk that the orientation of the scanning plane
of the ultrasonic beam will deviate from the ideal orientation,
and it will not be possible to obtain correct measurement
results. This is a significant problem in the case of ultrasonic
measuring devices provided with an integrated display unit,
for example. Even in the case of ultrasonic measuring devices
whose display unit is not integrated, the operator needs to
appropriately adjust measurement conditions such as the
direction of the scanning plane of the ultrasonic beam while
viewing images on the display unit in order to perform appro-
priate measurement, and this is problematic in that the mea-
surement operation is not simple. Examples of technology
related to ultrasonic measuring devices include the technol-
ogy disclosed in JP-A-2006-95151.

[0008] JP-A-2006-95151 is an example of related art.
SUMMARY
[0009] According to some aspects of the invention, it is

possible to provide an ultrasonic measuring device, a pro-
gram, and a method of controlling the ultrasonic measuring
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device that enable an improvement in user operability and
user-friendliness by notifying the user of appropriate mea-
surement results.

[0010] A first aspect of the invention is related to an ultra-
sonic measuring device including: an ultrasonic transducer
device that emits an ultrasonic beam while scanning along a
scanning plane, and receives an ultrasonic echo resulting
from the ultrasonic beam; and a processing device that pet-
forms processing based on a reception signal from the ultra-
sonic transducer device, wherein the processing device
includes: a data acquisition unit that, based on the reception
signal, acquires 1st to K-th (K being an integer greater than or
equal to 2) A-mode waveform data groups that correspond to
cases where the direction of the scanning plane of the ultra-
sonic transducer device relative to a measurement location
surface is 1st to K-th directions; a selection unit that selects a
measurement result A-mode waveform data piece based on
the Ist to K-th A-mode waveform data groups; and a notifi-
cation control unit that generates notification data based on at
least one of the measurement result A-mode waveform data
piece that was selected and a measurement result A-mode
waveform data group that corresponds to the measurement
result A-mode waveform data piece, and outputs the gener-
ated notification data.

[0011] According to the first aspect of the invention, the 1st
to K-th A-mode waveform data groups that correspond to
cases where the direction of the scanning plane of the ultra-
sonic transducer relative to the measurement location surface
is the Ist to K-th directions are acquired based on reception
signals from the ultrasonic transducer device that succes-
sively emits an ultrasonic beam along the scanning plane. For
example, the 1st to K-th A-mode waveform data groups are
the data groups that are acquired due to the ultrasonic beam
being scanned when the scanning plane direction is each of
the 1st to K-th directions. Then, in accordance with a prede-
termined determination criterion for example, an appropriate
measurement result A-mode waveform data piece is selected
based on the 1st to K-th A-mode waveform data groups that
were acquired, notification data is generated based on that
measurement result A-mode waveform data piece, and the
user is informed of the notification data by the notification
unit. This enables informing the user of appropriate measure-
ment results, and enables improving user operability, user-
friendliness, and the like.

[0012] Also, in the first aspect of the invention, in a case
where the selection unit selected an A-mode waveform data
piece corresponding to a case where the direction of the
scanning plane is an L-th (1<L<K) direction as the measure-
ment result A-mode waveform data piece, the notification
control unit may generate the notification data based on at
least one of the measurement result A-mode waveform data
piece and the measurement result A-mode waveform data
group that were acquired when the direction of the scanning
plane was the L-th direction, and output the generated noti-
fication data.

[0013] According to this configuration, an A-mode wave-
form data piece that was acquired when the direction of the
scanning plane was the L-th direction is selected as the mea-
surement result A-mode waveform data piece, and the noti-
fication data is generated based on at least one of the mea-
surement result A-mode waveform data piece that was
selected and the measurement result A-mode waveform data
group that corresponds to the selected measurement result
A-mode waveform data piece. Accordingly, an A-mode
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waveform data piece that was acquired at an appropriate
scanning plane direction is automatically selected, and the
user can be informed of the corresponding measurement
results or the like.

[0014] Also, in the first aspect of the invention, the notifi-
cation control unit may generate a B-mode image as the
notification data based on the measurement result A-mode
waveform data group that was acquired when the direction of
the scanning plane was the L-th direction, and output the
generated B-mode image.

[0015] According to this configuration, a B-mode image
that corresponds to the case where the scanning plane direc-
tion was the L-th direction when the measurement result
A-mode waveform data piece was selected can be displayed
on a display unit as a measurement result image.

[0016] Also, in the first aspect of the invention, the notifi-
cation control unit may generate, as the notification data, an
image including a number, a character, or a symbol express-
ing an ultrasonic measurement result that was obtained when
the direction of the scanning plane was the L-th direction, or
audio expressing the ultrasonic measurement result, and out-
put the image or the audio that was generated.

[0017] According to this configuration, the user can be
informed of an image including numbers, characters, or sym-
bols expressing ultrasonic measurement results that corre-
spond to the case where the scanning plane direction was the
L-th direction when the measurement result A-mode wave-
form data piece was selected, or can be informed of audio
expressing those ultrasonic measurement results.

[0018] Also, in the first aspect of the invention, the selec-
tion unit may obtain 1st to K-th A-mode waveform data
pieces from the 1st to K-th A-mode waveform data groups,
and from among the 1stto K-th A-mode waveform data pieces
that were obtained, select an A-mode waveform data piece in
which the amplitude at a peak waveform of interest is highest
as the measurement result A-mode waveform data piece.

[0019] According to this configuration, the A-mode wave-
form data piece in which the amplitude at the peak waveform
of interest is the highest is searched for from among the 1st to
K-th A-mode waveform data pieces that were obtained from
the 1st to K-th A-mode waveform data groups, and thus the
user can be informed of measurement results or the like that
correspond to the case where the scanning plane direction was
an appropriate direction.

[0020] Also, in the first aspect of the invention, the notifi-
cation control unit may generate a B-mode image as the
notification data based on the measurement result A-mode
waveform data group that corresponds to the measurement
result A-mode waveform data piece that was selected, and
output the generated B-mode image.

[0021] According to this configuration, when the measure-
ment result A-mode waveform data piece is selected from
among the 1stto K-th A-mode waveform data pieces based on
a predetermined determination criterion for example, a
B-mode image is generated based on the measurement result
A-mode waveform data group that corresponds to the mea-
surement result A-mode waveform data piece, and the
B-mode image is displayed.

[0022] Also, in the first aspect of the invention, the selec-
tion unit may obtain the st to K-th A-mode waveform data
pieces from the 1st to K-th A-mode waveform data groups by
performing averaging processing for each of the 1st to K-th
A-mode waveform data groups or performing selection pro-
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cessing for selecting a representative A-mode waveform data
piece from each of the 1st to K-th A-mode waveform data
groups.

[0023] According to this configuration, it is possible to
obtain the 1st to K-th A-mode waveform data pieces by per-
forming averaging processing or selection processing on the
Ist to K-th A-mode waveform data groups, and select an
measurement result A-mode waveform data piece from
among the 1st to K-th A-mode waveform data pieces that
were obtained.

[0024] Also, in the first aspect of the invention, the selec-
tion unit may perform processing for comparing the ampli-
tude at the peak waveform of interest in an M-th (1=sM<K)
A-mode waveform data piece obtained from an M-th A-mode
waveform data group from among the 1st to K-th A-mode
waveform data groups with the amplitude at the peak wave-
form of interest in an (M+1)-th A-mode waveform data piece
obtained from an (M+1)-th A-mode waveform data group,
and for, out of the M-th A-mode waveform data piece and the
(M+1)-th A-mode waveform data piece, selecting and saving
the one A-mode waveform data piece for which it was deter-
mined that the amplitude at the peak waveform of interest is
higher, and deleting the other A-mode waveform data piece
and the A-mode waveform data group that corresponds to the
other A-mode waveform data piece.

[0025] According to this configuration, itis possible to save
the one A-mode waveform data piece that has the higher
amplitude at the peak waveform of interest, and delete the
other A-mode waveform data piece having the smaller ampli-
tude along with the corresponding A-mode waveform data
group. This enables selecting an appropriate measurement
result A-mode waveform data piece while also reducing the
amount of storage that is used, for example.

[0026] Also, in the first aspect of the invention, the ultra-
sonic measuring device may include: a correlation data stor-
age unit that stores correlation data that represents a correla-
tion between the amplitude of the A-mode waveform and
depth, wherein the selection unit may select, as the measure-
ment result A-mode waveform data piece, an A-mode wave-
form data piece for which it was determined that the correla-
tion between the amplitude at the peak waveform of interest
and the depth is appropriate based on the correlation data.
[0027] According to this configuration, it is possible to
determine whether or not the correlation between the ampli-
tude of the A-mode waveform and the depth is appropriate
based on correlation data, and select a measurement result
A-mode waveform data piece from among A-mode wave-
form data pieces in which the correlation between amplitude
and depth is appropriate.

[0028] Also, in the first aspect of the invention, the ultra-
sonic measuring device may include: a reference data storage
unit that stores reference A-mode waveform data for a test
subject that is to be subjected to ultrasonic measurement,
wherein the selection unit may obtain 1st to K-th A-mode
waveform data pieces from the 1st to K-th A-mode waveform
data groups, perform comparison processing for comparing
each of the 1st to K-th A-mode waveform data pieces that
were obtained with the reference A-mode waveform data
stored in the reference data storage unit, and select the mea-
surement result A-mode waveform from among the 1st to
K-th A-mode waveform data pieces.

[0029] According to this configuration, reference A-mode
waveform data that is to be a measurement reference is pre-
pared in advance and stored in the reference data storage unit,



US 2014/0121522 Al

thus making it possible to select a measurement result
A-mode waveform data piece in accordance with the refer-
ence A-mode waveform data, generate notification data that
corresponds to the selected measurement result A-mode
waveform data piece, and inform the user of the notification
data.

[0030] Also, inthe first aspect of the invention, from among
the 1st to K-th A-mode waveform data pieces, the selection
unit may select an A-mode waveform data piece in which the
amplitude at the peak waveform of interest is closest to the
amplitude at the peak waveform of interest in the reference
A-mode waveform data as the measurement result A-mode
waveform data piece.

[0031] According to this configuration, it is possible to
select an appropriate measurement result A-mode waveform
data piece in which the waveform closely resembles the
waveform in the reference A-mode waveform data, generate
notification data that corresponds to that measurement result
A-mode waveform data piece, and inform the user of the
notification data.

[0032] Also, in the first aspect of the invention, the ultra-
sonic measuring device may include: a guidance instruction
unit that performs guidance instruction processing for giving
a user who is the test subject guidance instruction regarding
the direction of the scanning plane of the ultrasonic trans-
ducer device.

[0033] According to this configuration, the user is given
guidance instruction so as to cause the direction of the scan-
ning plane of the ultrasonic transducer device to be an appro-
priate direction, and the user changes the direction of the
scanning plane in accordance with the guidance instruction,
thus making it possible for the A-mode waveform data piece
that was acquired at the appropriate scanning plane direction
to be selected as the measurement result A-mode waveform
data piece.

[0034] Also, in the first aspect of the invention, the ultra-
sonic measuring device may include: a motion sensor that
detects motion of the user, wherein the guidance instruction
unit may perform the guidance instruction processing regard-
ing the direction of the scanning plane based on a motion
detection signal from the motion sensor.

[0035] According to this configuration, it is possible to use
the motion detection signal from the motion sensor in order to
give the user guidance instruction so as to cause the direction
of the scanning plane of the ultrasonic transducer device to be
an appropriate direction.

[0036] Also, in the first aspect of the invention, the ultra-
sonic measuring device may include: a direction control unit
that performs direction control for changing the direction of
the scanning plane of the ultrasonic transducer device,
wherein the data acquisition unit may acquire the 1st to K-th
A-mode waveform data groups that are obtained as the direc-
tion of the scanning plane of the ultrasonic transducer device
is changed in accordance with the direction control per-
formed by the direction control unit.

[0037] According to this configuration, it is possible to
change the direction of the scanning plane of the ultrasonic
transducer device in accordance with the direction control
performed by the direction control unit, and acquire the 1st to
K-th A-mode waveform data groups that are obtained as the
direction is changed. It is then possible to inform the user of
the corresponding appropriate measurement results or the
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like by selecting a measurement result A-mode waveform
data piece based on the 1st to K-th A-mode waveform data
groups.

[0038] Also, a second aspect of the invention is related to a
program for performing processing based on a reception sig-
nal from an ultrasonic transducer device that emits an ultra-
sonic beam while scanning along a scanning plane and
receives an ultrasonic echo resulting from the ultrasonic
beam, the program causing a computer to function as: a data
acquisition unit that, based on the reception signal, acquires
Ist to K-th (K being an integer greater than or equal to 2)
A-mode waveform data groups that correspond to cases
where the direction of the scanning plane of the ultrasonic
transducer device relative to a measurement location surface
is 1st to K-th directions; a selection unit that selects a mea-
surement result A-mode waveform data piece based on the 1st
to K-th A-mode waveform data groups; and a notification
control unit that generates notification data based on at least
one of the measurement result A-mode waveform data piece
that was selected and a measurement result A-mode wave-
form data group that corresponds to the measurement result
A-mode waveform data piece, and outputs the generated noti-
fication data.

[0039] Also a third aspect of the invention is related to a
method of controlling an ultrasonic measuring device for
performing processing based on a reception signal from an
ultrasonic transducer device that emits an ultrasonic beam
while scanning along a scanning plane and receives an ultra-
sonic echo resulting from the ultrasonic beam, the method
including: acquiring, based on the reception signal, 1st to
K-th (K being an integer greater than or equal to 2) A-mode
waveform data groups that correspond to cases where the
direction of the scanning plane of the ultrasonic transducer
device relative to a measurement location surface is 1st to
K-th directions; selecting a measurement result A-mode
waveform data piece based on the 1st to K-th A-mode wave-
form data groups; and generating notification data based on at
least one of the measurement result A-mode waveform data
piece that was selected and a measurement result A-mode
waveform data group that corresponds to the measurement
result A-mode waveform data piece, and outputting the gen-
erated notification data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. 1 shows an example of the configuration of an
ultrasonic measuring device according to an embodiment.
[0041] FIGS. 2A to 2C show examples of the specific
device configuration of the ultrasonic measuring device.
[0042] FIGS. 3A to 3D are diagrams illustrating measure-
ment performed using the ultrasonic measuring device.
[0043] FIG. 4 is a diagram illustrating an A-mode wave-
form and a B-mode image.

[0044] FIG. 5 is a diagram illustrating a procedure accord-
ing to the embodiment.

[0045] FIGS. 6A to 6C are diagrams illustrating a linear
scanning system and a sector scanning system.

[0046] FIG. 7 is a diagram illustrating the linear scanning
system and the sector scanning system in detail.

[0047] FIG. 8 shows an example of a measurement result
image, which is a displayed image including numbers or the
like expressing ultrasonic measurement results.

[0048] FIG. 9is a flowchart showing detailed processing in
the procedure according to the embodiment.
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[0049] FIG. 10 is a diagram illustrating correlation data
representing the correlation between amplitude in an A-mode
waveform and depth.

[0050] FIG.11is adiagram illustrating a procedure accord-
ing to the embodiment that employs reference A-mode wave-
form data.

[0051] FIG. 12 is another diagram illustrating the proce-
dure according to the embodiment that employs reference
A-mode waveform data.

[0052] FIGS. 13A and 13B are diagrams illustrating guid-
ance instruction processing.

[0053] FIG. 14 is a flowchart showing detailed processing
of a procedure of the embodiment that employs reference
A-mode waveform data.

[0054] FIG. 15 is a diagram illustrating a procedure for
controlling the direction of the scanning plane of the ultra-
sonic beam of an ultrasonic transducer device.

[0055] FIGS. 16A and 16B show an example of the con-
figuration of an ultrasonic transducer element.

[0056] FIG. 17 shows an example of the configuration of
the ultrasonic transducer device.

[0057] FIGS. 18A and 18B show an example of the con-
figuration of a group of ultrasonic transducer elements pro-
vided in correspondence with each channel.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0058] The following is a detailed description of preferred
embodiments of the invention. Note that the embodiments
described below are not intended to unduly limit the content
of the invention recited in the claims, and all of the configu-
rations described in the embodiments are not necessarily
essential as solutions provided by the invention.

[0059] 1. Ultrasonic Measuring Device

[0060] FIG. 1 shows an example of the configuration of an
ultrasonic measuring device (ultrasonic diagnosis device)
according to an embodiment. This ultrasonic measuring
device includes an ultrasonic transducer device 100 and a
processing device 200. It can also include a storage unit 250
and a notification unit 439. Note that the ultrasonic measuring
device of this embodiment is not limited to the configuration
shown in FIG. 1, and various modifications can be carried out,
such as omitting some of the constituent elements, replacing
some of the constituent elements with other constituent ele-
ments, and adding other constituent elements.

[0061] Theultrasonic transducer device 100 emits an ultra-
sonic beam while scanning along a scanning plane, and also
receives an ultrasonic echo resulting from the ultrasonic
beam. Taking the example a type of device in which piezo-
electric elements are used, the ultrasonic transducer device
100 has multiple ultrasonic transducer elements (an ultra-
sonic element array) and a substrate in which multiple open-
ings are arranged in an array. Each of the ultrasonic trans-
ducer elements has a vibrating membrane that covers a
corresponding opening, and a piezoelectric element unit that
includes a lower electrode, an upper electrode, and a piezo-
electric film that are provided on the vibrating membrane.
Details of the ultrasonic transducer device 100 will be
described later. Note that a type of transducer that employs
the piezoelectric elements (thin-film piezoelectric elements)
described in detail later can be applied as the ultrasonic trans-
ducer device 100, but this embodiment is not limited to using
such a transducer. For example, a type of transducer that
employs capacitive elements such as ¢c-MUTs (Capacitive
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Micro-machined Ultrasonic Transducers) may be applied, or
a bulk-type transducer may be applied.

[0062] The processing device 200 performs various types
of control processing with respect to the ultrasonic measuring
device, emission processing and reception processing with
respect to the ultrasonic transducer device 100, and the like.
This processing device 200 includes an emission circuit 210,
areception circuit 220, a multiplexer 222, an emission/recep-
tion switching circuit 224, and a control unit 230. Note that
various modifications can be carried out, such as omitting
some of the constituent elements, replacing some of the con-
stituent elements with other constituent elements, and adding
other constituent elements.

[0063] Theemission circuit 210 outputs an emission signal
to the ultrasonic transducer device 100 via the multiplexer
222. Specifically, in an emission period, the emission circuit
210 generates an emission signal under control of the control
unit 230, and outputs the emission signal to the multiplexer
222. This emission circuit 210 can be constituted by, for
example, a pulser that outputs an ultrasonic pulse signal.

[0064] The multiplexer 222 (selection circuit) selects at
least one of the driving electrode lines (channels) of the
ultrasonic transducer device 100 under control of the control
unit 230, and an emission signal is output from the emission
circuit 210 to the selected driving electrode lines. For
example, if the multiplexer 222 has selected the first driving
electrode line, an emission signal is output to the first driving
electrode line in the emission period. Note that the multi-
plexer 222 may select multiple (n) driving electrode lines
(multiple channels) all at the same time, or may successively
select a predetermined number of lines at a time.

[0065] The reception circuit 220 performs reception pro-
cessing for receiving a reception signal (echo signal) from the
ultrasonic transducer device 100. Specifically, the reception
circuit 220 receives a reception signal from the ultrasonic
transducer device 100 via the multiplexer 222 and the emis-
sion/reception switching circuit 224, and performs reception
processing such as reception signal amplification, gain set-
ting, frequency setting, and A/D conversion. The result of the
reception processing is input to the control unit 230 as detec-
tion data (detection information). This reception circuit 220 is
constituted by a low-noise amplifier, a voltage-controlled
attenuator, a programmable gain amplifier, a low-pass filter,
and an A/D converter, for example.

[0066] The emission/reception switching circuit 224 is
constituted by multiple (n) switch elements, and performs
switching between the emission signal and the reception sig-
nal under control of the control unit 230. Specifically, by
setting the switch elements to the off state in the emission
period, the emission signal output from the emission circuit
210 is prevented from being input to the reception circuit 220.
On the other hand, by setting the switch elements to the on
state in the reception period, the reception signal from the
ultrasonic transducer device 100 is allowed to be input to the
reception circuit 220.

[0067] The control unit 230 controls the emission circuit
210, the reception circuit 220, the multiplexer 222, and the
emission/reception switching circuit 224. For example, the
control unit 230 performs control on the emission circuit 210
with respect to the emission signal generation and output
processing, and performs control on the reception circuit 220
with respect to reception signal frequency setting, gain, and
the like.
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[0068] The storage unit 250 stores various types of data,
and is realized by a RAM, an HDD (Hard Disk Drive), or the
like. The storage unit 250 includes a waveform data storage
unit 252, a correlation data storage unit 254, and a reference
data storage unit 256.

[0069] In the present embodiment, the control unit 230
(processing device 200) includes a data acquisition unit 232,
a selection unit 234, a notification control unit 235, and a
guidance instruction unit 238.

[0070] The notification control unit 235 generates and out-
puts notification data. It also causes the notification unit 439
to perform notification of notification data (measurement
results). For example, it switches on the notification unit 439
and causes it to output notification data. The notification
control unit 235 includes a display control unit 236 and an
audio control unit 237, for example. The display control unit
236 of the notification control unit 235 performs display
control with respect to a display unit 440 of the notification
unit 439, and causes the display unit 440 to display an image
representing measurement results, which is the notification
data. The audio control unit 237 performs control with respect
to an audio output unit 442 of the notification unit 439, and
causes the audio output unit 442 to output audio representing
measurement results, which is the notification data.

[0071] The notification unit 439 notifies the user (mea-
surer) of measurement results, and is realized by the display
unit 440 and the audio output unit 442, for example. The
notification unit 439 may be an apparatus that the ultrasonic
measuring device has, or may be an apparatus that is separate
from the ultrasonic measuring device (e.g., an external dis-
play). Various types of displays can be envisioned for the
display unit 440, such as a liquid crystal display or an organic
EL display. A speaker or the like can be envisioned for the
audio output unit 442.

[0072] The data acquisition unit 232 acquires, based on the
reception signal from the ultrasonic transducer device 100,
1stto K-th A-mode waveform data groups for the cases where
the direction of the scanning plane of the ultrasonic trans-
ducer device 100 relative to the measurement location surface
is 1st to K-th (K being an integer greater than or equal to 2)
directions. For example, if the user swings the ultrasonic
probe, or a later-described direction control unit 240 controls
the direction of the scanning plane as shown in FIG. 15 in the
measurement period, the direction of the scanning plane of
the ultrasonic beam relative to the measurement location sur-
face will change. In this period in which the scanning plane
direction changes, the data acquisition unit 232 acquires the
Ist to K-th A-mode data waveform groups (plurality of
A-mode waveform data groups) based on the reception signal
from the reception circuit 220. The acquired A-mode wave-
form data groups are saved by being stored in the waveform
data storage unit 252.

[0073] The measurement location surface referred to here
is the surface at the measurement location against which the
ultrasonic probe is pressed, for example, and is the surface of
an object such as a body. In the case where the ultrasonic
transducer device 100 emits (generates) multiple ultrasonic
beams while performing scanning such as linear scanning or
sector scanning, the scanning plane is the plane that the ultra-
sonic beams conform to, for example. The direction of the
scanning plane of the ultrasonic beam relative to the measure-
ment location surface is the relative direction (angle) of the
scanning plane with the measurement location surface serv-
ing as the reference.
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[0074] The ultrasonic transducer device 100 receives an
emission signal, which is an electrical signal (voltage signal),
from the emission circuit 210, converts the emission signal
into an ultrasonic wave, and emits (outputs) an ultrasonic
beam. Upon receiving an ultrasonic echo resulting from the
ultrasonic beam, the ultrasonic transducer device 100 con-
verts the ultrasonic echo into a reception signal, which is an
electrical signal (voltage signal). The data acquisition unit
232 acquires an A-mode waveform data group based on this
reception signal. Each A-mode waveform data group is a
group of A-mode waveform data pieces obtained by a respec-
tive scan of the ultrasonic transducer device 100, for example.
For example, the Ist A-mode waveform data group is
acquired by the first scan, the second A-mode waveform data
group is acquired by the second scan, and so on, and the K-th
A-mode waveform data group is acquired by the K-th scan.

[0075] The selection unit 234 selects a measurement result
A-mode waveform data piece based on the 1st to K-th
A-mode waveform data groups acquired by the data acquisi-
tion unit 232. For example, the selection unit 234 obtains 1st
to K-th A-mode waveform data pieces from the 1st to K-th
A-mode waveform data groups. Specifically, the selection
unit 234 obtains the 1st to K-th A-mode waveform data pieces
from the 1st to K-th A-mode waveform data groups by pet-
forming averaging processing for averaging each A-mode
waveform data group among the 1st to K-th A-mode wave-
form data groups or selection processing for selecting a rep-
resentative A-mode waveform data piece from each A-mode
waveform data group. For example, the A-mode waveform
data piece corresponding to a certain A-mode waveform data
group is obtained by performing processing for obtaining the
average value of the amplitude at each depth, for example, in
the A-mode waveform data pieces that belong to that A-mode
waveform data group. Alternatively, the A-mode waveform
data piece corresponding to a certain A-mode waveform data
group is obtained through processing in which, from among
the A-mode waveform data pieces that belong to that A-mode
waveform data group, a A-mode waveform data piece that is
based on the reception signal from a group of elements at a
predetermined position (e.g., the central position) in the ultra-
sonic transducer device 100 is selected as the representative
A-mode waveform data piece.

[0076] The selection unit 234 then selects a measurement
result A-mode waveform data piece from among the obtained
1st to K-th A-mode waveform data pieces based on a prede-
termined determination criterion. The predetermined deter-
mination criterion is a reference for selecting an A-mode
waveform data piece that is appropriate for use as a measure-
ment result. Specifically, from among the obtained 1st to K-th
A-mode waveform data pieces, the A-mode waveform data
piece that has the highest amplitude at the peak waveform of
interest is selected by the selection unit 234 as the measure-
ment result A-mode waveform data piece. The peak wave-
form of interest is the peak waveform that is envisioned to be
the peak waveform that is suited to the selection of the mea-
surement result A-mode waveform data piece from among the
peak waveforms that appear in an A-mode waveform, and is,
for example, the peak waveform that corresponds to the body
tissue of interest, such as a bone.

[0077] For example, among the 1st to K-th A-mode wave-
form data groups, the selection unit 234 compares the ampli-
tude at the peak waveform of interest in the M-th (1=M<K)
A-mode waveform data piece obtained from the M-th
A-mode waveform data group with the amplitude at the peak
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waveform of interest in the (M+1)-th A-mode waveform data
piece obtained from the (M+1)-th A-mode waveform data
group. Then, between the M-th A-mode waveform data piece
and the (M+1)-th A-mode waveform data piece, the one
A-mode waveform data piece that was determined to have the
higher amplitude at the peak waveform of interest is selected
and saved. Specifically, it is saved by being stored in the
waveform data storage unit 252. Processing is then performed
in order to delete the other A-mode waveform data piece and
the A-mode waveform data group that corresponds to the
other A-mode waveform data piece.

[0078] The notification control unit 235 generates notifica-
tion data based on at least one of the measurement result
A-mode waveform data piece that was selected and the mea-
surement result A-mode waveform data group that corre-
sponds to that measurement result A-mode waveform data
piece, and outputs the generated notification data. For
example, it outputs the notification data by performing noti-
fication control with respect to the notification unit 439. Spe-
cifically, a measurement result image or measurement result
audio representing the notification data is output by the dis-
play control unit 236 of the notification control unit 235
performing display control with respect to the display unit
440 or the audio control unit 237 of the notification control
unit 235 performing audio control with respect to the audio
output unit 442. Here, the measurement result A-mode wave-
form data group that corresponds to the measurement result
A-mode waveform data piece is, in the case where the selec-
tion unit 234 has selected a measurement result A-mode
waveform data piece, for example, the A-mode waveform
data group that was used in the generation of that measure-
ment result A-mode waveform data piece (generation by aver-
aging processing or selection processing).

[0079] Forexample, take the case where the A-mode wave-
form data piece that was acquired when the direction of the
scanning plane was the L-th (1<L.<K) direction (i.e., the L-th
A-mode waveform data piece) is selected by the selection unit
234 as the measurement result A-mode waveform data piece.
In this case, the notification control unit 235 generates the
notification data based on at least one of the measurement
result A-mode waveform data piece and the measurement
result A-mode waveform data group that were acquired when
the direction of the scanning plane was the L-th direction. The
generated notification data (image, audio) is then output.

[0080] For example, the notification control unit 235 (dis-
play control unit 236) generates a B-mode image as the noti-
fication data based on the measurement result A-mode wave-
form data group that was acquired when the direction of the
scanning plane was the L-th direction, and performs control
for displaying the generated B-mode image on the display
unit 440, which is the notification unit 439. Take the case
where, for example, the 1st to K-th A-mode waveform data
pieces are obtained from the 1st to K-th A-mode waveform
data groups, and the A-mode waveform data piece having the
highest amplitude at the peak waveform of interest is selected
as the measurement result A-mode waveform data piece from
among the 1st to K-th A-mode waveform data pieces. In this
case, the notification control unit 235 generates a B-mode
image as the notification data based on the measurement
result A-mode waveform data group that corresponds to the
measurement result A-mode waveform data piece that was
selected, and outputs the generated B-mode image. For
example, control is performed for displaying the B-mode
image on the display unit 440. For example, the B-mode
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image is generated by converting the amplitudes of the
A-mode waveform data pieces in the measurement result
A-mode waveform data group into luminance values, and
then control is performed for displaying the B-mode image on
the display unit 440.

[0081] Note that the notification data in the present embodi-
ment is not limited to being a B-mode image, and various
types of notification data can be envisioned. For example, an
image including numbers, characters, or symbols expressing
ultrasonic measurement results that were acquired when the
direction of the scanning plane was the L-th direction, or
audio expressing the ultrasonic measurement results is gen-
erated as notification data and output by the notification con-
trol unit 235. For example, control is performed such that the
notification unit 439 notifies the user of the generated image
or audio. Specifically, control is performed such that the
generated image is displayed on the display unit 440, or the
generated audio is output by the audio output unit 442. More
specifically, control is performed so as to display an image
including numbers, characters, or symbols expressing ultra-
sonic measurement results such as the measured fat thickness,
muscle thickness, or the like of the user, or so as to read aloud
the ultrasonic measurement results.

[0082] Also, in the present embodiment, correlation data
representing the correlation between amplitude in an A-mode
waveform and depth is stored in the correlation data storage
unit 254 in correspondence with the measurement location,
for example. Then, an A-mode waveform data piece for which
it was determined that the correlation between the amplitude
at the peak waveform of interest and the depth is appropriate
based on the correlation data is selected by the selection unit
234 as the measurement result A-mode waveform data piece.
For example, the selection unit 234 selects a measurement
result A-mode waveform data piece from among multiple
A-modewaveform data pieces (1st to K-th A-mode waveform
data pieces) that were determined to be appropriate based on
the correlation data.

[0083] The reference data storage unit 256 stores reference
A-mode waveform data for the test subject (user, animal, etc.)
that is to be subjected to ultrasonic measurement. The refer-
ence A-mode waveform data is data that is, for example,
measured in advance as A-mode waveform data that is to
serve as the reference for the ultrasonic measurement of a test
subject, and is stored in the reference data storage unit 256.
The selection unit 234 performs comparison processing for
comparing multiple A-mode waveform data pieces acquired
by ultrasonic measurement with the reference A-mode wave-
form data stored in the reference data storage unit 256, and
selects a measurement result A-mode waveform data piece
from among the A-mode waveform data pieces. Specifically,
the selection unit 234 obtains 1st to K-th A-mode waveform
data pieces from the 1st to K-th A-mode waveform data
groups by performing the above-described averaging pro-
cessing or selection processing, for example. Comparison
processing is then performed in order to compare the 1st to
K-th A-mode waveform data pieces that were obtained with
the reference A-mode waveform data stored in the reference
data storage unit 256, and a measurement result A-mode
waveform data piece is selected from among the 1st to K-th
A-mode waveform data pieces. For example, from among the
1st to K-th A-mode waveform data pieces, the A-mode wave-
form data piece whose amplitude at the peak waveform of
interest is closest to the amplitude at the peak waveform of
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interest in the reference A-mode waveform data is selected as
the measurement result A-mode waveforn data piece.
[0084] The guidance instruction unit 238 performs guid-
ance instruction processing for giving the user, who is the test
subject, guidance instruction regarding the direction of the
scanning plane of the ultrasonic transducer device 100. Spe-
cifically, guidance information such as an image or audio is
used to instruct the user regarding the direction of the scan-
ning plane of the ultrasonic beam at which appropriate mea-
surement results can be obtained. For example, the ultrasonic
measuring device of the present embodiment can be provided
with a motion sensor that detects user motion, as will be
described later. The motion sensor is an acceleration sensor, a
gyro sensor, or the like. The guidance instruction unit 238
performs guidance instruction processing regarding the
direction of the scanning plane based on a motion detection
signal from the motion sensor. Specifically, the guidance
instruction unit 238 detects movement of the ultrasonic probe
based on the motion detection signal, and performs guidance
instruction processing for causing the user to orient the direc-
tion of the scanning plane of the ultrasonic beam in the appro-
priate direction.

[0085] Note that at least a portion of the processing per-
formed by the ultrasonic measuring device of the present
embodiment may be realized by a program. In this case, the
processing performed by the ultrasonic measuring device of
the present embodiment is realized by a processor such as a
CPU executing the program. Specifically, a program stored
on an information storage medium is read out, and the read-
out program is executed by the processor such as the CPU.
The information storage medium (computer-readable
medium) referred to here can store programs, data, and the
like, and the functionality thereof is realized by an HDD
(Hard Disk Drive), an optical disk (DVD, CD, etc.), a memory
(card-type memory, ROM, etc.), or the like. The processor
such as the CPU performs various types of processing of the
present embodiment based on the program (data) stored on
the information storage medium. Specifically, a program for
causing a computer (an apparatus including an operation unit,
a processing unit, a storage unit, and an output unit) to func-
tion as various units (data acquisition unit, selection unit,
notification control unit, guidance instruction unit, storage
unit, etc.) of the present embodiment (i.e., a program for
causing a computer to execute the processing of various units)
is stored on the information storage medium.

[0086] FIGS. 2A to 2C show examples of the specific
device configuration of the ultrasonic measuring device (in a
broad sense, an electronic device) of the present embodiment.
FIG. 2A shows an example of a handheld type of ultrasonic
measuring device 400, and FIG. 2B shows an example of a
stationary type of ultrasonic measuring device 400. FIG. 2C
shows an example of an integrated ultrasonic measuring
device 400 in which an ultrasonic probe 300 is built into the
body.

[0087] The ultrasonic measuring device 400 in FIGS. 2A
and 2B includes the ultrasonic probe 300 and an ultrasonic
measuring device body 401 (in a broad sense, an electronic
device body), and the ultrasonic probe 300 and the ultrasonic
measuring device body 401 are connected by a cable 312. A
probe head 320 is provided in the tip portion of the ultrasonic
probe 300, and a display unit 440 for displaying images is
provided on the ultrasonic measuring device body 401. In
FIG. 2C, the ultrasonic measuring device 400 has the display
unit 440, and the ultrasonic probe 300 is built into the ultra-
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sonic measuring device 400. In the case of FIG. 2C, the
ultrasonic measuring device 400 can be realized by a general-
purpose mobile information terminal such as a smartphone.

[0088] 2. Procedure of Present Embodiment

[0089] FIGS. 3A and 3B are diagrams showing how the
ultrasonic probe 300 is pressed against a measurement loca-
tion on the user’s body, and how the state of fat and muscle is
measured. FIG. 3A shows the case where the ultrasonic probe
300 is pressed against the back of the user’s arm. In this case,
the B-mode image illustrated in FIG. 3C is displayed on the
display unit 440. F1G. 3B shows the case where the ultrasonic
probe 300 is pressed against the back of the user’s thigh. In
this case, the B-mode image illustrated in FIG. 3D is dis-
played on the display unit 440. The luminance is the brightest
for the bone portions in these B-mode images. This is because
bone has a higher ultrasonic reflectivity than the surrounding
body tissue, and also a higher A-mode waveform amplitude.

[0090] Inthe case of performing measurement as shown in
FIGS. 3A and 3B, there is the issue that it is difficult for the
user to check the orientation of the ultrasonic probe 300
relative to the measurement location while also watching the
B-mode image shown in FIGS. 3C and 3D in order to make
adjustments to achieve appropriate measurement. In other
words, in the case where measurement is performed while
pressing the ultrasonic probe 300 against a measurement
location on the rear side of the user’s body as shown in FIGS.
3A and 3B, it is difficult for the user to check the B-mode
image displayed on the display unit 440 of the ultrasonic
measuring device while also making adjustments to achieve
appropriate measurement. That is to say, when the user per-
forms measurement himself/herself, it is difficult to deter-
mine whether the measurement results have been success-
fully obtained or not while also viewing the B-mode image. In
particular, with a handheld type of ultrasonic measuring
device as shown in FIGS. 2A and 2C, the distance between the
ultrasonic probe 300 and the display unit 440 is small, For this
reason, it is difficult for the user to check the B-mode image,
which is the measurement result image displayed on the dis-
play unit 440, while also pressing the ultrasonic probe 300
against the measurement location.

[0091] The ultrasonic measuring device has two display
methods (measurement methods) called the A-mode and the
B-mode. As shown in FIG. 4, in the A-mode, an A-mode
waveform that is arendering of the amplitude of the ultrasonic
signal (reception signal) relative to the depth (distance in the
depth direction) is displayed. In the B-mode, a B-mode image
that is a two-dimensional image obtained by converting the
amplitude of the ultrasonic signal into luminance is dis-
played. For example, body tissue that has a high ultrasonic
reflectivity such as bone is rendered in white, which has a high
luminance. On the other hand, body tissue that has a low
ultrasonic reflectivity is rendered in black, which has a low
luminance. This B-mode image can be generated by convert-
ing the amplitude in the A-mode waveform data into lumi-
nance.

[0092] Inthe present embodiment, as shown by Al and A2
in FIG. 4, the amplitude of the peak waveform that corre-
sponds to specific body tissue such as bone changes accord-
ing to the direction of the scanning plane of the ultrasonic
beam relative to the measurement location surface (body
surface) (i.e., the angle formed by the scanning plane and the
measurement location surface), and focusing on this fact, the
technique shown in FIG. 5 is employed.
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[0093] For example, the A-mode waveform data pieces
acquired at B1, B2, and B3 in FIG. 5 are obtained by changing
the direction of the scanning plane of the ultrasonic beam
relative to the measurement location surface. For example,
the A-mode waveform data pieces acquired at B1, B2, and B3,
for example, respectively correspond to the cases where the
direction of the scanning plane was first, second, and third
directions DR1,DR2, and DR3. Here, the directions DR1 and
DR2 are directions that are not perpendicular to the body
surface at the measurement location, and are not appropriate
scanning plane directions. For this reason, the A-mode wave-
form data pieces for B1 and B2 have a smaller amplitude at
the peak waveform of interest corresponding to bone. Note
that the A-mode waveform data pieces for B1, B2, and B3 in
FIG. 3 are obtained by performing averaging processing,
selection processing, or the like on the A-mode waveform
data groups acquired when the scanning plane directions
were the directions DR1, DR2, and DR3.

[0094] On the other hand, the direction DR3 is a direction
that is perpendicular to the body surface at the measurement
location, and is an appropriate scanning plane direction. For
this reason, in the A-mode waveform data piece for B3, the
amplitude at the peak waveform of interest corresponding to
bone is higher than the amplitudes in the A-mode waveform
data pieces for B1 and B2, and thus is the highest. In other
words, when the direction of the scanning plane of the ultra-
sonic beam is appropriate, the amplitude of the peak wave-
form of interest is also higher.

[0095] In view of this, in the present embodiment, among
multiple A-mode waveform data pieces (1st to K-th A-mode
waveform data pieces; the same follows hereinafter), the
A-mode waveform data piece in which the amplitude of the
peak waveform of interest is the highest (greater than or equal
to a predetermined threshold value) as shown by B3 is
selected as the measurement result A-mode waveform data
piece. A measurement result image (in a broad sense, notifi-
cation data) that is based on the selected measurement result
A-mode waveform data piece is displayed on the display unit
440 (in abroad sense, a notification unit). Specifically, in FIG.
5, among the A-mode waveform data pieces for B1, B2, and
B3, at which the scanning plane directions are DR1, DR2, and
DR3 (in a broad sense, 1st to K-th directions), or in a broad
sense, among the 1st to K-th A-mode waveform data pieces
obtained from the 1st to K-th A-mode waveform data groups,
the A-mode waveform data piece for B3, at which the scan-
ning plane direction is DR3 (in a broad sense, the L-th direc-
tion), or in a broad sense, the L-th A-mode waveform data
piece is selected as the measurement result A-mode wave-
form data piece. A B-mode image that is based on the selected
A-mode waveform data piece for B3 (a B-mode image gen-
erated based on the A-mode waveform data group that corre-
sponds to that A-mode waveform data piece) is then displayed
as the measurement result image.

[0096] According to this configuration, the A-mode wave-
form data piece that was acquired when the scanning plane
direction was appropriate, that is to say, when the direction of
the scanning plane of the ultrasonic beam was perpendicular
(substantially perpendicular) to the body surface at the mea-
surement location, is selected, and a corresponding B-mode
image is displayed. For example, if the user performs mea-
surement by pressing the ultrasonic probe against his/her own
body while changing the direction of the scanning plane of the
ultrasonic beam, a B-mode image that corresponds to the
appropriate scanning plane direction is automatically gener-
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ated and displayed on the display unit 440. Accordingly, even
if the user cannot view the screen of the display unit 440, a
B-mode image that corresponds to the case where the scan-
ning plane direction is an ideal direction as shown by B3 in
FIG. 5 is displayed, and it is possible to obtain correct mea-
surement results.

[0097] With a handheld type of ultrasonic measuring
device as shown in FIGS. 2A and 2C, for example, there is the
issue that it is difficult for the user to figure out the appropriate
scanning plane direction while viewing the screen of the
display unit 440.

[0098] With regards to this point, according to the tech-
nique of the present embodiment, even if the user does not
check the screen of the display unit 440, a B-mode image that
corresponds to the appropriate scanning plane direction is
automatically generated and displayed as a measurement
result image, thus resolving the above-described issue and
enabling an improvement in user operability and user-friend-
liness. Also, according to the present embodiment, it is pos-
sible to, for example, switch off the display of the display unit
440 during measurement, and then display only the most
appropriate B-mode image that was obtained from the
A-mode waveform data piece at B3 in FIG. 5 on the display
unit 440 when measurement ends. In other words, instead of
successively displaying B-mode images that are successively
obtained in the measurement period, only the B-mode image
having the highest amplitude at the peak waveform of interest
is displayed. This enables shortening the time period for
which the display of the display unit 440 is switched on so as
to achieve low power consumption for the ultrasonic measur-
ing device, for example, and enables realizing power conset-
vation particularly in the case of a handheld type of ultrasonic
device.

[0099] Note that it is desirable that the peak waveform of
interest to be subjected to the amplitude magnitude compari-
son processing is set in accordance with the corresponding
measurement location. For example, since the depth of bone
from the body surface changes depending on the measure-
ment location as shown in FIGS. 3C and 3D, the peak wave-
form of interest depth range is also set differently for each
measurement location. Also, when the user inputs the mea-
surement location, the depth range setting that corresponds to
the input measurement location is read out, and peak wave-
form of interest amplitude comparison processing is pet-
formed in accordance with that depth range as shown by B1,
B2, and B3 in FIG. 5. According to this configuration, it is
possible to select appropriate peak waveforms of interest at
various measurement locations, compare the magnitudes of
the amplitudes, and display a B-mode image that corresponds
to the appropriate scanning plane direction.

[0100] Also, although the case of applying the technique of
the present embodiment to the measurement of fat thickness
and muscle thickness in a human body has been described
above, the present embodiment is not limited to this case. For
example, the technique of the present embodiment may be
applied to the examination of meat quality and the examina-
tion of animal products such as beef cattle and pork products
at the time of shipment. For example, the technique of the
present embodiment may be applied to the detection of the
rib-eye position in order to determine the meat quality (mar-
bling) of beef cattle.

[0101] The B-mode image in FIG. 5 is an example of an
image generated with the linear scanning system shown in
FIG. 6 A. Note that the technique for generating and acquiring
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the B-mode image and the A-mode waveform data pieces is
not limited to this. and the sector scanning method shown in
FIG. 6B may be used.

[0102] In one example, with the linear scanning system
shown in FIG. 6A, A-mode waveform data pieces are
acquired while shifting between ultrasonic emission/recep-
tion signal channels one at a time, and the amplitudes of the
A-mode waveform data groups acquired by one instance of
linear scanning, for example, are converted into luminance so
as to generate a B-mode image. In this case, the A-mode
waveform data pieces that are to be subjected to the selection
processing described using B1 to B3 in FIG. 5 can be obtained
by performing averaging processing on the A-mode wave-
form data groups acquired by one instance of linear scanning,
for example. In other words, the A-mode waveform data
pieces for B1 to B3 that are to be subjected to selection
processing are obtained by performing averaging processing
on the amplitudes at each depth in the A-mode waveform data
pieces in each A-mode waveform data group. Alternatively, a
configuration is possible in which representative A-mode
waveform data pieces (e.g., A-mode waveform data pieces in
the vicinity of the center in linear scanning) are selected from
among the A-mode waveform data groups acquired by one
instance of linear scanning, and those representative A-mode
waveform data pieces are used as the A-mode waveform data
pieces for B1 to B3 that are to be subjected to selection
processing.

[0103] FIG. 7 is a diagram illustrating the linear scanning
system and the sector scanning system in detail. In the linear
scanning system, the multiplexer 222 operates so as to suc-
cessively select linear scan target channels from among chan-
nels CH1 to CH64 of the ultrasonic transducer device 100.
[0104] For example, first, the channels CH1 to CHS8 are
selected as linear scan targets, and an emission signal (emis-
sion pulse) is output from the emission circuit 210 to the
channels CH1 to CH8 of the ultrasonic transducer device 100
via the multiplexer 222. Accordingly, an ultrasonic beam
BMI1 shown in FIG. 6A is emitted (radiated, generated), for
example. Then, reception signals from the channels CH1 to
CHS are input to the reception circuit 220 via the multiplexer
222 and the emission/reception switching circuit 224,
[0105] Next, the channels CH2 to CH9 are selected as the
linear scan targets, and an emission signal is output from the
emission circuit 210 to the channels CH2 to CH9. Accord-
ingly, an ultrasonic beam BM2 shown in FIG. 6A is emitted,
for example. Reception signals from the channels CH2 to
CH9 are then input to the reception circuit 220. Channels for
linear scanning are successively selected in this way, then
lastly the channels CH57 to CH64 are selected, and an ultra-
sonic beam BMj shown in FIG. 6A is emitted, for example.
Thus, one instance of scanning (linear scanning) ends, and the
second instance of scanning is performed next.

[0106] The A-mode waveform data groups of the present
embodiment are each a group made up of multiple A-mode
waveform data pieces acquired by one instance of scanning in
this way, for example. Performing averaging processing or
selection processing on these A-mode waveform data pieces
obtains the A-mode waveform data pieces (1st to K-th
A-mode waveform data pieces) for the respective A-mode
waveform data groups (1st to K-th A-mode waveform data
groups).

[0107] On the other hand, in the sector scanning system, all
of the channels CH1 to CH64 are selected, for example. An
emission signal is then output from the emission circuit 210 to
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all of the channels CH1 to CH64 of the ultrasonic transducer
device 100. Accordingly, ultrasonic beams BM1 to BMj
shown in FIG. 6B are emitted.

[0108] In this case, with the sector scanning system, the
ultrasonic beams BM1 to BMj are emitted in various direc-
tions as shown in FIG. 6B by performing control for delaying
the emission start timing of the emission signal from the
emission circuit 210. For example, the emission of the ultra-
sonic beam BM1 shown in FIG. 6B is realized by delaying the
emission start timing of the ultrasonic transducer element on
the left side of the sheet, and making the emission start timing
of the ultrasonic transducer element on the right side earlier.
On the other hand, the emission of the ultrasonic beam BMj is
realized by making the emission start timing of the ultrasonic
transducer element on the left side of the sheet earlier, and
delaying the emission start timing of the ultrasonic transducer
element on the right side.

[0109] In FIGS. 6A and 6B, the scanning plane of the
ultrasonic transducer device 100 is the plane that the ultra-
sonic beams BM1 to BMj emitted in the scans conform to,
and is a plane that is parallel to the paper plane in FIGS. 6 A
and 6B.

[0110] Note that with the linear scanning in FIG. 6A, the
ultrasonic beams emitted from the ultrasonic transducer
device 100 have an emission width WS that corresponds to
the width of the selected channels (e.g., the channels CHI1 to
CHS). Also, with the sector scanning in FIG. 6B, the ultra-
sonic beams emitted from the ultrasonic transducer device
100 have an emission width WS that spans the entire width of
the linear device (or the width of the sector scan target chan-
nels). As shown in FIG. 6C, ultrasonic beam emission focus
control is performed using emission signal delay control, an
acoustic lens, or the like such that the width in the scanning
direction converges on a focal point FP.

[0111] Also, although the case where the measurement
result image (notification data) is the B-mode image 1s shown
as an example in FIG. 5, the measurement result image of the
present embodiment is not limited in this way, and it may be
an image including numbers, characters, symbols, or the like
that express the ultrasonic measurement results, for example.
For example, an image including numbers or the like that
express the ultrasonic measurement results obtained when the
scanning plane direction was DR3 (L-th direction) in FIG. 5
may be displayed as the measurement result image on the
display unit 440. FIG. 8 shows an example of such an image
including numbers that express the measurement result.
Numbers indicating the fat thickness and the muscle thick-
ness that were obtained by performing ultrasonic measure-
ment at a site on the back of the arm are displayed in the
measurement result image in FIG. 8, along with numbers
indicating reference values for the fat thickness and the
muscle thickness. These measurement results can be obtained
by performing analytical processing on the selected A-mode
waveform data piece at B3 in FIG. 5, for example. Also, the
notification data of the present embodiment may be audio
expressing the measurement result, or the like. For example,
the measurement results shown in FIG. 8 may be read aloud.
[0112] FIG. 9 is a flowchart showing details of processing
performed in the present embodiment. First, it is determined
whether ornot an ultrasonic measurement start command was
input by the user (step S1). Then, in the measurement period,
which is the period from when the measurement start com-
mand is input by the user until when a measurement end
command is input, A-mode waveform data groups are
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acquired and stored in the waveform data storage unit 252
shown in FIG. 1 (steps S2 and S3). In other words, the user
swings the ultrasonic probe while pressing it against the mea-
surement location in the measurement period. For example,
the user swings the ultrasonic probe, with the line arrange-
ment direction (scanning direction) of the linear element
array in the head of the ultrasonic probe serving as the center
of rotation. A-mode waveform data groups are then acquired
for the various scanning plane directions as described using
FIG. 5, and saved in the waveform data storage unit 252. Note
that the user can input the measurement start command and
the measurement end command by operating operation but-
tons or a touch panel of the ultrasonic measuring device in
FIGS. 2A to 2C.

[0113] When the measurement period ends, the A-mode
waveform data groups stored in the waveform data storage
unit 252 are read out, and A-mode waveform data pieces are
obtained from the A-mode waveform data groups through the
above-described averaging processing or selection process-
ing (step S4). Then, based on later-described correlation data,
the A-mode waveform data pieces for which it is determined
that the correlation between the amplitude at the peak wave-
form of bone and the depth is appropriate are extracted (step
S5).

[0114] Next, from among the extracted A-mode waveform
data pieces, the A-mode waveform data piece having the
highest amplitude at the peak waveform of bone as shown by
B3 in FIG. 5 is selected as the measurement result A-mode
waveform data piece (step S6). Note that the unselected and
unused A-mode waveform data pieces (and the corresponding
A-mode waveform data groups) are deleted, for example. A
B-mode image is then generated based on the A-mode wave-
form data group that corresponds to the selected measure-
ment result A-mode waveform data piece, and is displayed on
the display unit 440 (step S7). For example, as shown by B3
in FIG. 5, a B-mode image is generated based on the A-mode
waveform data group that was acquired by linear scanning
when the ultrasonic scanning plane direction was perpendicu-
lar to the body surface, and that B-mode image is displayed on
the display unit 440. According to this configuration, due to
the user merely swinging the ultrasonic probe while pressing
it against the measurement location, a B-mode image
obtained by linear scanning at an appropriate scanning plane
direction is automatically generated and displayed on the
display unit 440.

[0115] FIG. 10 is a schematic diagram illustrating correla-
tiondatausedinstep S5 of F1G. 9. For example, the amplitude
of the A-mode waveform (the amplitude of the ultrasonic
reception signal) attenuates according to the depth from the
body surface. In view of this, correlation data representing the
correlation between the amplitude of the A-mode waveform
and depth as shown in FIG. 10 is stored in the correlation data
storage unit 254 shown in FIG. 1. For example, correlation
data representing the correlation between the amplitude of the
A-mode waveform and depth is stored in association with
various measurement locations, such as the back of the arm
and the back of the leg.

[0116] Then, the A-mode waveform data piece for which it
was determined that the correlation between the amplitude at
the peak waveform of interest and the depth is appropriate
based on the correlation data is selected as the measurement
result A-mode waveform data piece. For example, the
A-mode waveform data pieces that are to be subjected to
selection processing in FIG. 5 are extracted based on the
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correlation data, and a measurement result A-mode waveform
data piece is selected from among the extracted A-mode
waveform data pieces.

[0117] For example, in the case where the peak waveform
of interest (bone) at the corresponding measurement location
is in the depth range of DP1 to DP2, it can be determined,
based on the correlation data in FIG. 10, that the amplitude of
that peak waveform of interest is in the amplitude range of
AP1 to AP2. In view of this, only A-mode waveform data
pieces for which the amplitude of the peak waveform of
interest is in the amplitude range of AP1 to AP2 are extracted
as the waveform data pieces that are to be subjected to selec-
tion processing in FIG. 5. According to this configuration,
A-mode waveform data pieces that were obtained when, for
example, the ultrasonic probe was pointed in a direction very
different from the envisioned direction can be excluded from
the targets of selection processing in FIG. 5, thus improving
the efficiency of processing and the like.

[0118] Note that the processing of the present embodiment
is not limited to the processing shown in FIG. 9, and can be
modified in various ways. For example, the following
describes processing according to one variation.

[0119] Inthe processing of this variation, first, one instance
of linear scanning is performed, and the multiple (e.g., 57)
A-mode waveform data pieces acquired by the linear scan-
ning are stored as the first A-mode waveform data group.
Averaging processing is then performed on the acquired
A-mode waveform data pieces in order to generate the first
A-mode waveform data piece.

[0120] At the next predetermined timing, the second
instance of linear scanning is performed, multiple A-mode
waveform data pieces are acquired at a scanning plane direc-
tion (second direction) that is different from the scanning
plane direction in the first instance (first direction), for
example, and these acquired A-mode waveform data pieces
are stored as the second A-mode waveform data group. Aver-
aging processing is then performed on the acquired A-mode
waveform data pieces in order to generate the second A-mode
waveform data piece.

[0121] Then, the highest amplitude value in the first
A-modewaveform data piece and the highest amplitude value
in the second A-mode waveform data piece are compared.
The A-mode waveform data piece whose highest amplitude
value is higher is selected as the provisional measurement
result A-mode waveform data piece and saved, and the
A-mode waveform data piece with the smaller value and the
corresponding A-mode waveform data group are discarded.

[0122] At the next predetermined timing, the third instance
of linear scanning is performed, multiple A-mode waveform
data pieces are acquired at a scanning plane direction (third
direction) that is different from the scanning plane direction
in the second instance, for example, and these acquired
A-mode waveform data pieces are stored as the third A-mode
waveform data group. Averaging processing is then per-
formed on the acquired A-mode waveform data pieces in
order to generate the third A-mode waveform data piece.

[0123] Then, the highest amplitude value in the third
A-modewaveform data piece and the highest amplitude value
in the measurement result A-mode waveform data piece that
was previously selected and saved are compared. The
A-mode waveform data piece whose highest amplitude value
is higher is selected as the updated measurement result
A-mode waveform data piece and saved, and the A-mode
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waveform data piece with the smaller value and the corre-
sponding A-mode waveform data group are discarded.
[0124] The above processing is repeated a predetermined
number of times (K times). Then, at the end of the K-th
instance of linear scanning and the selection and saving of the
measurement result A-mode waveform data piece based on
the K-th A-mode waveform data piece, notification data is
generated based on at least one of the measurement result
A-mode waveform data piece and the measurement result
A-mode waveform data group that corresponds to the mea-
surement result A-mode waveform data piece. The notifica-
tion unit 439 then performs notification of the generated
notification data. For example, a B-mode image is generated
based on the measurement result A-mode waveform data
group and displayed on the display unit 440. Alternatively,
characters, numbers, and the like expressing the measure-
ment results as shown in FIG. 8 are displayed, or the mea-
surement results are read aloud.

[0125] According to the processing of this variation, unnec-
essary A-mode waveform data pieces and corresponding
A-mode waveform data groups are successively discarded,
thus making it possible to reduce the amount of storage used
in the storage unit 250. Note that although the case of apply-
ing the technique of the present embodiment to the linear
scanning shown in FIG. 6A has mainly been described as an
example above, the technique of the present embodiment is
also applicable to the sector scanning shown in FIG. 6B, for
example.

[0126] 3. Reference A-Mode Waveform Data

[0127] Inoneconceivable example of an application of the
ultrasonic measuring device, workout effectiveness or the
like is checked by measuring fat thickness and muscle thick-
ness after a workout. Checking workout effectiveness
requires reference data for comparison with measured data.
[0128] Inview ofthis, inthe present embodiment, reference
A-modewaveform data for a test subject, such as the user who
is to be subjected to ultrasonic measurement, is stored in the
reference data storage unit 256 shown in FIG. 1. Then, a
measurement result A-mode waveform data piece is selected
by performing comparison processing in which A-mode
waveform data pieces obtained from A-mode waveform data
groups acquired by ultrasonic measurement are compared
with the reference A-mode waveform data stored in the ref-
erence data storage unit 256.

[0129] As shown in FIG. 11 for example, first, when mea-
surement is performed for the first time, the trainer who is
instructing the user presses the ultrasonic probe 300 against a
measurement location on the user’s body and performs ultra-
sonic measurement to obtain a fat thickness and a muscle
thickness, and those measurement results are saved as refet-
ence A-mode waveform data. Specifically, the measured ref-
erence A-mode waveform data is saved in the reference data
storage unit 256 as the user’s personal data. Since measure-
ment is performed by a highly-skilled trainer, more accurate
and appropriate A-mode waveform data is recorded as refer-
ence A-mode waveform data for that user.

[0130] Next, after the workout finishes, for example, the
user then presses the ultrasonic probe 300 against the mea-
surement location and performs measurement. As shown in
FIG. 12, comparison processing is then performed to com-
pare the multiple A-mode waveform data pieces acquired by
the measurement performed by the user with the saved refer-
ence A-mode waveform data that was measured by the trainer.
Due to this comparison processing, a measurement result
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A-mode waveform data piece is selected from among the
A-mode waveform data pieces measured by the user, and a
B-mode image that corresponds to the selected measurement
result A-mode waveform data piece is generated. Note that
the A-mode waveform data pieces shown in FIG. 12 corre-
spondto the 1stto K-th A-mode waveform data pieces that are
obtained by performing averaging processing or selection
processing on the 1st to K-th A-mode waveform data groups
acquired by performing scanning K times as described above,
for example.

[0131] Specifically, in the above-described comparison
processing, the amplitude of the peak waveform of interest of
each of the A-mode waveform data pieces (Ist to K-th
A-mode waveform data pieces) measured by the user is com-
pared with the amplitude of the peak waveform of interest of
the saved reference A-mode waveform data. Then, among the
multiple A-mode waveform data pieces, the A-mode wave-
form data piece in which the amplitude at the peak waveform
of interest is closest to the amplitude at the peak waveform of
interest in the reference A-mode waveform data is selected as
the measurement result A-mode waveform data piece, and a
B-mode image is generated.

[0132] As described above, when the user performs mea-
surement himself/herself, there is the issue that it is difficult
for the user to determine whether the measurement results
have been successfully obtained or not while also viewing the
B-mode image.

[0133] In view of this, in the present embodiment, appro-
priate and ideal reference A-mode waveform data is measured
in advance and recorded. Then, when the user performs mea-
surement while swinging the ultrasonic probe so as to change
the scanning plane, the A-mode waveform data piece whose
waveform closely resembles that in the recorded reference
A-mode waveform data is selected as the measurement result
A-mode waveform data piece from among the measured
A-mode waveform data pieces. For example, the A-mode
waveform data piece in which the amplitude at the peak
waveform of bone is close to that in the reference A-mode
waveform data is selected. A B-mode image that corresponds
to the selected measurement result A-mode waveform data
piece is then displayed to the user after measurement ends,
thus making it possible for the user to check the measurement
results. In other words, due to the user merely performing
measurement by swinging the ultrasonic probe while press-
ing it against the measurement location, an A-mode wave-
form data piece obtained when the scanning plane direction
was appropriate, such as with the reference A-mode wave-
form data, is automatically selected, and a corresponding
B-mode image is displayed to the user after the measurement.

[0134] For example, in the case where the reference
A-mode waveform data is measured by an experienced
trainer, the A-mode waveform data piece that corresponds to
the case where the ultrasonic probe was pressed against the
measurement location in a manner similar to that when the
trainer performed measurement is automatically selected as
the measurement result A-mode waveform data piece from
among the A-mode waveform data pieces obtained by the
measurement performed by the user. Accordingly, even if the
user does not take very much care in pressing the ultrasonic
probe against his/her body, the A-mode waveform data piece
that corresponds to the case where the ultrasonic probe was
pressed against his/her body in an ideal manner when the user
performed measurement is automatically selected and dis-
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played as a B-mode image, thus enabling a marked improve-
ment in user operability and user-friendliness.

[0135] Note thatin the present embodiment, the user who is
the test subject may be provided with guidance instruction
regarding the direction of the scanning plane of the ultrasonic
beam. This guidance instruction processing is performed by
the guidance instruction unit 238 shown in FIG. 1.

[0136] FIG. 13A shows an example of an image generated
in this guidance instruction processing. For example, if the
position of the bone (peak waveform of interest) when mea-
surement is performed by the user deviates from the position
of the bone when measurement was performed by the trainer,
the user is given guidance instruction for changing how the
ultrasonic probe is pressed such that the positions match.
Specifically, comparison processing is performed for com-
paring the position (depth) of the peak waveform of interest in
the reference A-mode waveform data acquired when mea-
surement was performed by the trainer with the position
(depth) of the peak waveform of interest in the A-mode wave-
form data pieces acquired when measurement is performed
by the user, and guidance instruction such as that shown in
FIG. 13 A is performed based on the results of the comparison
processing. According to this configuration, the user can
press the ultrasonic probe against the measurement location
in amanner similar to that when measurement was performed
by the trainer, and it is possible to improve user operability
and user-friendliness.

[0137] Also, a configuration is possible in which, as shown
in FIG. 13B, the ultrasonic probe 300 (ultrasonic measuring
device) is internally provided with a motion sensor 310 for
detecting user motion (movement), and guidance instruction
processing regarding the scanning plane direction is per-
formed based on a motion detection signal from the motion
sensor 310. An acceleration sensor (e.g., a 6-axis acceleration
sensor) or the like can be envisioned as the motion sensor 310.
[0138] According to the technique in FIG. 13B, informa-
tion indicating the direction and position of the ultrasonic
probe 300 when measurement is performed by the trainer can
be recorded based on the motion detection signal from the
motion sensor 310. When measurement is performed by the
user as well, information indicating the direction and position
of the ultrasonic probe 300 is obtained based on the motion
detection signal from the motion sensor 310, and comparison
processing is performed for comparing the obtained direction
and position information with the direction and position
information obtained when measurement was performed by
the trainer. The user is then given guidance instruction based
on the results of the comparison processing such that the
direction and position match the direction and position when
measurement was performed by the trainer. This makes it
possible to, for example, store measurement data that was
obtained when always performing pressing in the same man-
ner at the same measurement location, and makes it possible
for the user to find out small changes in fat thickness, muscle
thickness, and the like.

[0139] Note that although the case of giving guidance
instruction using an image is shown as example in FIG. 134,
the present embodiment is not limited to this case. For
example, guidance instruction may be given using audio, or
guidance instruction may be given using an indicator such as
an LED. In one example, audio or the like is used to inform the
user of the direction in which and position at which the
ultrasonic probe is to be pressed. According to this configu-
ration, the user can confirm the appropriate manner of press-
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ing the ultrasonic probe using audio or like instead of check-
ing images displayed on the display unit 440, thus improving
user-friendliness and the like.

[0140] FIG. 14 is a flowchart showing details of the pro-
cessing of the present embodiment that was described using
FIG. 12. First, it is assumed that in the initial instance of
measurement, measurement is performed by the trainer with
an appropriate manner of pressing the ultrasonic probe, and
the obtained measurement results are stored in the reference
data storage unit 256 as reference A-mode waveform data,
which is the user’s personal data.

[0141] When the user subsequently performs measure-
ment, the processing of steps S11 to S13 is performed. The
processing of steps S11 to S13 will not be described since it is
similar to steps S1 to S3 in FIG. 9.

[0142] When the measurement end command is input and
the measurement period ends, the A-mode waveform data
groups stored in the waveform data storage unit 252 are read
out, and A-mode waveform data pieces are obtained from the
A-mode waveform data groups through averaging processing
or the like (step S14). Also, the reference A-mode waveform
data stored in the reference data storage unit 256 is read out
(step S15). Then, from among the obtained A-mode wave-
form data pieces, the A-mode waveform data piece in which
the amplitude at the peak waveform of bone 1s closest to that
in the reference A-mode waveform data is selected as the
measurement result A-mode waveform data piece (step S16).
Note that the unselected and unused A-mode waveform data
pieces and the corresponding A-mode waveform data groups
are deleted. A B-mode image is then generated based on the
A-mode waveform data group that corresponds to the
selected measurement result A-mode waveform data piece,
and isdisplayed on the display unit 440 (step S17). According
to this configuration, due to the user merely swinging the
ultrasonic probe while pressing it against the measurement
location, a B-mode image obtained by linear scanning at an
appropriate scanning plane direction that is similar to the
direction when the trainer performed measurement is auto-
matically generated and displayed on the display unit 440.
[0143] Note that although the case where the user swings
the ultrasonic probe in step S2 in F1G. 9 and step S12 in FIG.
14 in order to change the direction of the scanning plane ofthe
ultrasonic beam in the measurement period is described
above, the present embodiment is not limited to this case. For
example, the direction of the ultrasonic scanning plane may
be changed by mechanical scanning as shown in FIG. 15.
[0144] For example, in FI1G. 15, the direction control unit
240 included in the control unit 230 performs direction con-
trol for changing the direction of the scanning plane of the
ultrasonic beam. The data acquisition unit 232 then acquires
the multiple A-mode waveform data groups that are obtained
as the direction of the scanning plane of the ultrasonic beam
is changed due to the direction control performed by the
direction control unit 240. The selection unit 234 then selects
a measurement result A-mode waveform data piece based on
the A-mode waveform data groups acquired as scanning
plane direction control is performed.

[0145] Specifically, the direction control unit 240 outputs a
drive control signal for controlling the scanning plane direc-
tion to a drive unit 110 constituted by a drive mechanism such
as a motor. Upon receiving the drive control signal, the drive
unit 110 performs driving for changing the direction of the
scanning plane of the ultrasonic transducer device 100. Spe-
cifically, the direction of the scanning plane of the ultrasonic
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beam emitted by the ultrasonic transducer device 100 is con-
trolled by mechanical scanning. This enables acquiring
A-mode waveform data groups for various scanning plane
directions in the measurement period. The technique
described in FIG. 5, F1G. 12, or the like is then used to select
a measurement result A-mode waveform data piece based on
the A-mode waveform data groups acquired in this way, and
a corresponding B-mode image is generated. According to
this configuration, the ultrasonic beam is automatically emit-
ted with various scanning plane directions in the measure-
ment period without the user swinging the ultrasonic probe,
and an appropriate measurement result A-mode waveform
data piece is automatically selected based on the A-mode
waveform data groups acquired in this way. This enables
reducing the operational burden on the user and the like, and
enables a further improvement in operability and user-friend-
liness.

[0146] 4. Ultrasonic Transducer Element

[0147] FIGS. 16A and 16B show an example of the con-
figuration of ultrasonic transducer element UE included in the
ultrasonic transducer device 100 shown in FIG. 1. In this
exemplary configuration, the ultrasonic transducer element
UE has a vibrating membrane (membrane, support member)
MB and a piezoelectric element unit. The piezoelectric ele-
ment unit has a first electrode layer (lower electrode) EL1, a
piezoelectric film (piezoelectric layer) PE, and a second elec-
trode layer (upper electrode) EL2. Note that the ultrasonic
transducer element UE of the present embodiment is not
limited to the configuration shown in FIGS. 16A and 16B, and
various modifications can be carried out, such as omitting
some of the constituent elements, replacing some of the con-
stituent elements with other constituent elements, and adding
other constituent elements.

[0148] FIG. 16A is a plan view of the ultrasonic transducer
element UE formed on a substrate (silicon substrate) SUB, as
viewed from a direction perpendicular to the substrate on the
element formation face side. FIG. 16B is a cross-sectional
diagram showing a cross-section taken along A-A' in FIG.
16A.

[0149] The first electrode layer EL1 is formed by a metallic
thin film or the like provided on the vibrating membrane MB.
This first electrode layer EL1 extends outside the element
formation region as shown in FIG. 16A, and may be wiring
for connection to an adjacent ultrasonic transducer element
UE.

[0150] The piezoelectric film PE is formed by a PZT (lead
zirconate titanate) thin film, and is provided so as to cover at
least a portion of the first electrode layer EL1. Note that the
material forming the piezoelectric film PE is not limited to
PZT, and it is possible to use lead titanate (PbTiO;), lead
zirconate (PbZrQ,), lead lanthanum titanate ((Pb,La)TiO;),
or the like.

[0151] The second electrode layer EL2 is formed by a
metallic thin film or the like, and is provided so as to cover at
least a portion of the piezoelectric film PE. This second elec-
trode layer EL2 extends outside the element formation region
as shown in FIG. 16 A, and may be wiring for connection to an
adjacent ultrasonic transducer element UE.

[0152] The vibrating membrane (membrane) MB has a
two-layer structure including an SiO, thin film and a ZrO,
thin film, for example, and is provided so as to block an
opening OP. This vibrating membrane MB supports the
piezoelectric film PE and the first and second electrode layers
EL1 and EL2, as well as vibrates in accordance with the
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expansion and contraction of the piezoelectric film PE, and
thus can generate ultrasonic waves.

[0153] A cavityregion CAV is formed by etching the under-
side of the silicon substrate SUB (face without the element
formed thereon) using reactive ion etching (RIE) or the like.
Ultrasonic waves are emitted from the opening OP of the
cavity region CAV.

[0154] Thelower electrode of the ultrasonic transducer ele-
ment UE is formed by the first electrode layer EL1, and the
upper electrode is formed by the second electrode layer EL2.
Specifically, the portion of the first electrode layer EL1 that is
covered by the piezoelectric film PE forms the lower elec-
trode, and the portion of the second electrode layer FL.2 that
covers the piezoelectric film PE forms the upper electrode. In
other words, the piezoelectric film PE is provided so as to be
sandwiched between the lower electrode and the upper elec-
trode.

[0155] The piezoelectric film PE expands and contracts in
the in-plane direction when a voltage is applied between the
lower electrode and the upper electrode, that is to say,
between the first electrode layer EL1 and the second electrode
layer EL2. One of the faces of the piezoelectric film PE is
connected to the vibrating membrane MB via the first elec-
trode layer EL1, and the second electrode layer EL.2 is formed
on the other face, but no other layer is formed on the second
electrode layer E1.2. For this reason, the vibrating membrane
MB side of the piezoelectric film PE does not readily expand
and contract, whereas the second electrode layer EL2 side
readily expands and contracts. Accordingly, when a voltage is
applied to the piezoelectric film PE, it undergoes flexure so as
to bulge toward the cavity region CAV side, and thus it causes
the vibrating membrane MB to undergo flexure. The vibrat-
ing membrane MB vibrates in the film thickness direction due
to applying an alternating voltage to the piezoelectric film PE,
and ultrasonic waves are emitted from the opening OP due to
this vibration of the vibrating membrane MB. The voltage
(drive voltage) applied to the piezoelectric film PE is 10V to
30V from peak to peak, for example, and the frequency is 1
MHz to 10 MHz, for example.

[0156] The ultrasonic transducer element UE also func-
tions as a reception element for receiving ultrasonic echoes
when the emitted ultrasonic waves are reflected by the object
and return. The vibrating membrane MB vibrates due to the
ultrasonic echoing, stress is applied to the piezoelectric film
PE due to this vibration, and thus a voltage is generated
between the lower electrode and the upper electrode. This
voltage can be extracted as a reception signal.

[0157]
[0158] FIG. 17 shows an example of the configuration of
the ultrasonic transducer device 100 (element chip). In this
exemplary configuration, the ultrasonic transducer device
100 includes ultrasonic transducer element groups UG1 to
UG64, driving electrode lines DL1 to DL64 (in a broad sense,
1stto n-th driving electrode lines, where nis an integer greater
than or equal to 2), and common electrode lines CL1 to CL8
(in a broad sense, 1st to m-th common electrode lines, where
m is an integer greater than or equal to 2). Note that the
number of driving electrode lines (n) and the number of
common electrode lines (m) are not limited to the numbers
shown in FIG. 17.

[0159] The ultrasonic transducer element groups UGI to
UG64 are arranged in 64 columns along the second direction
D2 (scan direction). The ultrasonic transducer element

5. Ultrasonic Transducer Device
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groups UG1 to UG64 each have multiple ultrasonic trans-
ducer elements arranged along the first direction D1 (slice
direction).

[0160] FIG. 18A shows an example of an ultrasonic trans-
ducer element group (UG1 to UG64). In FIG. 18A, the ultra-
sonic transducer element group UG is constituted by first to
fourth element columns. The first element column is consti-
tuted by the ultrasonic transducer elements UE11 to UE18
arranged along the first direction D1, and the second element
column is constituted by the ultrasonic transducer elements
UE21 to UE28 arranged along the first direction D1. The
same follows for the third element column (UE31 to UE38)
and the fourth element column (UE41 to UE48). These first to
fourth element columns are connected in common to a driving
electrode line DL (DL1 to DL64). Also, the common elec-
trode lines CL1 to CL8 are connected to the ultrasonic trans-
ducer elements in the first to fourth element columns.
[0161] Theultrasonic transducer element group UG in FIG.
18A constitutes one channel of the ultrasonic transducer
device. Specifically, the driving electrode line DL corre-
sponds to the driving electrode line of one channel, and the
emission signal for one channel is input from the emission
circuit to this driving electrode line DL. Also, the reception
signal for one channel is output from this driving electrode
line DL. Note that the number of element columns that con-
stitute one channel is not limited to being four columns as
shown in FIG. 18A, and one channel may be constituted by
less than four columns or more than four columns. For
example, one channel may be constituted by one element
column as shown in FIG. 18B.

[0162] As shown in FIG. 17, the driving electrode lines
DL1 to DL64 (1st to n-th driving electrode lines) are arranged
so as to extend along the first direction D1. The j-th (j being an
integer satisfying 1sj=n) driving electrode line DL (j-th
channel) among the driving electrode lines DL.1 to DL64 is
connected to the first electrodes (e.g., the lower electrodes) of
the ultrasonic transducer elements in the j-th ultrasonic trans-
ducer element group UG;.

[0163] Inthe emission period for the emission of ultrasonic
waves, emission signals VT1 to VT64 are supplied to the
ultrasonic transducer elements via the driving electrode lines
DL1 to DL64. Also, in the reception period for receiving
ultrasonic echo signals, reception signals VR1 to VR64 are
output from the ultrasonic transducer elements via the driving
electrode lines DL1 to DL64.

[0164] The common electrode lines CL1 to CL8 (Ist to
m-th common electrode lines) are arranged along the second
direction D2. The second electrode of each ultrasonic trans-
ducer element is connected to any one of the common elec-
trode lines CL1 to CL8. Specifically, as shown in FIG. 17 for
example, the i-th (i being an integer satisfying 1<i=m) com-
mon electrode line CLL.1 among the common electrode lines
CL1 to CL8 is connected to the second electrodes (e.g., the
upper electrodes) of the ultrasonic transducer elements
arranged in the i-th row.

[0165] A common voltage VCOM is supplied to the com-
mon electrode lines CL1 to CL8. This common voltage
VCOM need only be a constant direct current voltage, and
does not need to be 0V, that is to say, ground potential.
[0166] Inthe emission period, the voltage that is the differ-
ence between the emission signal voltage and the common
voltage is applied to the ultrasonic transducer elements, and
ultrasonic waves having a predetermined frequency are emit-
ted.
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[0167] Note that the arrangement of the ultrasonic trans-
ducer elements is not limited to the matrix arrangement
shown in FIG. 17, and so-called staggered arrangement or the
like may be used.

[0168] Also, although FIGS. 16A to 18B show the case
where one ultrasonic transducer element is used as both an
emission element and a reception element, the present
embodiment is not limited to this case. For example, ultra-
sonic transducer elements serving as emission elements and
ultrasonic transducer elements serving as reception elements
may be provided separately and arranged in an array.

[0169] Note that although various embodiments have been
explained in detail above, a person skilled in the art will
readily appreciate that it is possible to implement numerous
variations and modifications that do not depart substantially
from the novel aspects and effect of the invention. Accord-
ingly, all such variations and modifications are also to be
included within the scope of the invention. For example,
terms that are used within the description or drawings (ultra-
sonic measuring device, ultrasonic measuring device body,
etc.) at least once together with broader terms or alternative
synonymous terms (electronic device, electronic device body,
etc.) can be replaced by those other terms at other locations as
well within the description or drawings. Also the configura-
tion and operation of the ultrasonic measuring device, the
ultrasonic transducer device, the ultrasonic transducer ele-
ment, and the like are not limited to those described in the
embodiments, and various modifications are possible.

What is claimed is:

1. An ultrasonic measuring device comprising:

an ultrasonic transducer device that emits an ultrasonic
beam while scanning along a scanning plane, and
receives an ultrasonic echo resulting from the ultrasonic
beam; and

a processing device that performs processing based on a
reception signal from the ultrasonic transducer device,

wherein the processing device includes:

a data acquisition unit that, based on the reception signal,
acquires 1st to K-th (K being an integer greater than or
equal to 2) A-mode waveform data groups that corre-
spond to cases where the direction of the scanning plane
of the ultrasonic transducer device relative to a measure-
ment location surface is 1st to K-th directions;

a selection unit that selects a measurement result A-mode
waveform data piece based on the 1st to K-th A-mode
waveform data groups; and

a notification control unit that generates notification data
based on at least one of the measurement result A-mode
waveform data piece that was selected and a measure-
ment result A-mode waveform data group that corre-
sponds to the measurement result A-mode waveform
data piece, and outputs the generated notification data.

2. The ultrasonic measuring device according to claim 1,

wherein in a case where the selection unit selected an
A-mode waveform data piece corresponding to a case
where the direction of the scanning plane is an L-th (1K)
direction as the measurement result A-mode waveform
data piece, the notification control unit generates the
notification data based on at least one of the measure-
ment result A-mode waveform data piece and the mea-
surement result A-mode waveform data group that were
acquired when the direction of the scanning plane was
the L-th direction, and outputs the generated notification
data.
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3. The ultrasonic measuring device according to claim 2,

wherein the notification control unit generates a B-mode
image as the notification data based on the measurement
result A-mode waveform data group that was acquired
when the direction of the scanning plane was the L-th
direction, and outputs the generated B-mode image.

4. The ultrasonic measuring device according to claim 2,

wherein the notification control unit generates, as the noti-
fication data, an image including a number, a character,
orasymbol expressing an ultrasonic measurement result
that was obtained when the direction of the scanning
plane was the L-th direction, or audio expressing the
ultrasonic measurement result, and outputs the image or
the audio that was generated.

5. The ultrasonic measuring device according to claim 1,

wherein the selection unit obtains Ist to K-th A-mode
waveform data pieces from the 1st to K-th A-mode
waveform data groups, and from among the 1st to K-th
A-mode waveform data pieces that were obtained,
selects an A-mode waveform data piece in which the
amplitude at a peak waveform of interest is highest as the
measurement result A-mode waveform data piece.

6. The ultrasonic measuring device according to claim 5,

wherein the notification control unit generates a B-mode
image as the notification data based on the measurement
result A-mode waveform data group that corresponds to
the measurement result A-mode waveform data piece
that was selected, and outputs the generated B-mode
image.

7. The ultrasonic measuring device according to claim 5,

wherein the selection unit obtains the 1st to K-th A-mode
waveform data pieces from the 1st to K-th A-mode
waveform data groups by performing averaging pro-
cessing for each of the 1st to K-th A-mode waveform
data groups or performing selection processing for
selecting a representative A-mode waveform data piece
from each of the 1st to K-th A-mode waveform data
groups.

8. The ultrasonic measuring device according to claim 5,

wherein the selection unit performs processing for com-
paring the amplitude at the peak waveform of interest in
an M-th (1sM<K) A-mode waveform data piece
obtained from an M-th A-mode waveform data group
from among the 1st to K-th A-mode waveform data
groups with the amplitude at the peak waveform of inter-
est in an (M+1)-th A-mode waveform data piece
obtained from an (M+1)-th A-mode waveform data
group, and for, out of the M-th A-mode waveform data
piece and the (M+1)-th A-mode waveform data piece,
selecting and saving the one A-mode waveform data
piece for which it was determined that the amplitude at
the peak waveform of interest is higher, and deleting the
other A-mode waveform data piece and the A-mode
waveform data group that corresponds to the other
A-mode waveform data piece.

9. The ultrasonic measuring device according to claim 1,

comprising:

a correlation data storage unit that stores correlation data
that represents a correlation between the amplitude of
the A-mode waveform and depth,

wherein the selection unit selects, as the measurement
result A-mode waveform data piece, an A-mode wave-
form data piece for which it was determined that the
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correlation between the amplitude at the peak waveform
of interest and the depth is appropriate based on the
correlation data.

10. The ultrasonic measuring device according to claim 1,
comprising:

a reference data storage unit that stores reference A-mode
waveform data for a test subject that is to be subjected to
ultrasonic measurement,

wherein the selection unit obtains 1st to K-th A-mode
waveform data pieces from the 1st to K-th A-mode
waveform data groups, performs comparison processing
for comparing each of the 1st to K-th A-mode waveform
data pieces that were obtained with the reference
A-mode waveform data stored in the reference data stor-
age unit, and selects the measurement result A-mode
waveform from among the 1st to K-th A-mode wave-
form data pieces.

11. The ultrasonic measuring device according to claim 10,
wherein from among the 1st to K-th A-mode waveform data
pieces, the selection unit selects an A-mode waveform data
piece in which the amplitude at the peak waveform of interest
is closest to the amplitude at the peak waveform of interest in
the reference A-mode waveform data as the measurement
result A-mode waveform data piece.

12. The ultrasonic measuring device according to claim 1,
comptrising:

a guidance instruction unit that performs guidance instruc-
tion processing for giving a user who is the test subject
guidance instruction regarding the direction of the scan-
ning plane of the ultrasonic transducer device.

13. The ultrasonic measuring device according to claim 12,

comprising:

a motion sensor that detects motion of the user,

wherein the guidance instruction unit performs the guid-
ance instruction processing regarding the direction of
the scanning plane based on a motion detection signal
from the motion sensor.

14. The ultrasonic measuring device according to claim 1,

comprising:

a direction control unit that performs direction control for
changing the direction of the scanning plane of the ultra-
sonic transducer device,

wherein the data acquisition unit acquires the 1st to K-th
A-mode waveform data groups that are obtained as the
direction of the scanning plane of the ultrasonic trans-
ducer device is changed in accordance with the direction
control performed by the direction control unit.

15. A program for performing processing based on a recep-
tion signal from an ultrasonic transducer device that emits an
ultrasonic beam while scanning along a scanning plane and
receives an ultrasonic echo resulting from the ultrasonic
beam, the program causing a computer to function as:

a data acquisition unit that, based on the reception signal,
acquires 1st to K-th (K being an integer greater than or
equal to 2) A-mode waveform data groups that corre-
spond to cases where the direction of the scanning plane
of the ultrasonic transducer device relative to a measure-
ment location surface is 1st to K-th directions;

a selection unit that selects a measurement result A-mode
waveform data piece based on the 1st to K-th A-mode
waveform data groups; and

a notification control unit that generates notification data
based on at least one of the measurement result A-mode
waveform data piece that was selected and a measure-
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ment result A-mode waveform data group that corre-
sponds to the measurement result A-mode waveform
data piece, and outputs the generated notification data.
16. A method of controlling an ultrasonic measuring device
for performing processing based on a reception signal from
an ultrasonic transducer device that emits an ultrasonic beam
while scanning along a scanning plane and receives an ultra-
sonic echo resulting from the ultrasonic beam, the method
comprising:
acquiring, based on the reception signal, 1st to K-th (K
being an integer greater than or equal to 2) A-mode
waveform data groups that correspond to cases where
the direction of the scanning plane of the ultrasonic
transducer device relative to a measurement location
surface is 1st to K-th directions;
selecting a measurement result A-mode waveform data
piece based on the 1st to K-th A-mode waveform data
groups; and
generating notification data based on at least one of the
measurement result A-mode waveform data piece that
was selected and a measurement result A-mode wave-
form data group that corresponds to the measurement
result A-mode waveform data piece, and outputting the
generated notification data.
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