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ULTRASONIC MEASUREMENT DEVICE,
AND METHOD OF CONTROLLING
ULTRASONIC MEASUREMENT DEVICE

BACKGROUND

1. Technical Field

[0001] The present invention relates to an ultrasonic mea-
surement device and so on for performing ultrasonic mea-
surement.

2. Related Art

[0002] In the past, there has been known an ultrasonic
measurement device for performing a scan with an ultra-
sonic beam using an ultrasonic probe having a plurality of
ultrasonic elements (ultrasonic vibrators) arranged, to
thereby image an internal appearance of a living body. For
performing imaging, there is performed a beam forming
(BF) process for adding received signals received by the
respective ultrasonic elements to each other. Since sufficient
resolution of the image cannot be obtained by a simple beam
forming process in some cases, technologies for obtaining
an image with higher resolution are under development. For
example, an adaptive beam forming process described in
JP-A-2015-77393 (Document 1) is one of such technologies.
[0003] Incidentally, the adaptive beam forming process
can provide higher resolution compared to the conventional
beam forming process of a non-adaptive type on the one
hand, but causes a problem of increasing an amount of
calculation on the other hand. As a technology for solving
the problem, there can be cited, for example, a technology
in JP-A-2011-5237 (Document 2). The technology of Docu-
ment 2 is for achieving speeding-up of the signal processing
by adding echo detection data (received signals) from the
channels adjacent to each other to thereby thin the data, and
then performing the adaptive signal processing (the adaptive
beam forming process).

[0004] According to the technology of Document 2, since
it is possible to reduce the number of received signals as the
processing target of the adaptive beam forming process, the
amount of calculation can be reduced accordingly. However,
if the received signals from the channels adjacent to each
other are simply added to each other, the advantage of the
adaptive beam forming process for improving the resolution
is attenuated, and thus the image quality of the ultrasonic
image generated is affected in some cases. Further, it is
useful if the amount of calculation can also be reduced
without damaging the image quality in the case of perform-
ing the non-adaptive beam forming process.

SUMMARY

[0005] An advantage of some aspects of the invention is to
reduce an amount of calculation related to the execution of
the beam forming process while suppressing the deteriora-
tion of the image quality of the ultrasonic image.

[0006] A first aspect of the invention is directed to an
ultrasonic measurement device including an ultrasonic
probe having a plurality of ultrasonic elements arranged,
each of the ultrasonic elements being adapted to transmit
and receive an ultrasonic beam, and an arithmetic processor
adapted to perform a reduction process of reducing an
amount of information of received signals received by the
respective ultrasonic elements based on a reception fre-

Mar. 29, 2018

quency, then perform a beam forming process on the signals,
on which the reduction process has been performed. to
generate an ultrasonic image.

[0007] As another aspect of the invention, the invention
may be configured as a method of controlling an ultrasonic
measurement device adapted to perform ultrasonic measure-
ment using an ultrasonic probe having a plurality of ultra-
sonic elements arranged, each of the ultrasonic elements
being adapted to transmit and receive an ultrasonic beam,
the method including the steps of performing a reduction
process of reducing an amount of information of received
signals received by the respective ultrasonic elements based
on a reception frequency, and generating an ultrasonic image
by performing a beam forming process on the signals on
which the reduction process has been performed.

[0008] According to the first aspect or the like of the
invention, prior to the beam forming process, the amount of
the information of the received signals received by the
respective ultrasonic elements can be reduced based on the
reception frequency. According to this aspect of the inven-
tion, it becomes possible to reduce the amount of the
calculation related to the execution of the beam forming
process while suppressing the deterioration of the image
quality of the ultrasonic image.

[0009] As a second aspect of the invention, the ultrasonic
measurement device according to the first aspect of the
invention may be configured such that the arithmetic pro-
cessor performs, as a part of the reduction process, a
frequency analysis process of performing frequency analysis
on the received signals of the respective ultrasonic elements
to transform the received signals into a plurality of fre-
quency signals, and a selection process of selecting signals
with given frequency components from the frequency sig-
nals to thereby eliminate a signal other than the given
frequency components.

[0010] According to the second aspect of the invention, it
is possible to possible to perform the beam forming process
in which the signals with the given frequency components
are selected from the plurality of frequency signals obtained
by performing frequency analysis on the received signals
corresponding respectively to the ultrasonic elements, and
then the signals with the given frequency components are
used. By eliminating the frequency signals having a small
influence on the image quality of the ultrasonic image, it
becomes possible to reduce the amount of the calculation
related to the execution of the beam forming process while
suppressing the deterioration of the image quality of the
ultrasonic image.

[0011] As a third aspect of the invention, the ultrasonic
measurement device according to the second aspect of the
invention may be configured such that the arithmetic pro-
cessor performs setting an allowable arrival angle range of
a side lobe allowed to be received, obtaining a selection
proportion of the ultrasonic elements corresponding to the
allowable arrival angle range, and the selection process
using components corresponding to the selection proportion
on a low frequency side out of the reception frequencies
obtained by the frequency analysis as the given frequency
components.

[0012] According to the third aspect of the invention, it is
possible to set the allowable arrival angle range of the side
lobe allowed to be received to obtain the corresponding
selection proportion. Further, it is possible to perform the
beam forming process in which the signals of the frequency
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components on the low frequency side corresponding to the
selection proportion are selected from the plurality of fre-
quency signals, and the signals of the frequency components
on the low frequency side corresponding to the selection
proportion are used.

[0013] As a fourth aspect of the invention, the ultrasonic
measurement device according to the third aspect of the
invention may be configured such that the arithmetic pro-
cessor sets an allowable level of the side lobe allowed to be
received to thereby set the allowable arrival angle range
fulfilling the allowable level based on reception directional
characteristics related to the ultrasonic probe.

[0014] According to the fourth aspect of the invention, it
is possible to set the allowable level of the side lobe allowed
to be received. Further, by setting the allowable level, the
angular range fulfilling the allowable level in the reception
directional characteristics related to the ultrasonic probe can
be set as the allowable arrival angle range.

[0015] As a fifth aspect of the invention, the ultrasonic
measurement device according to the third aspect of the
invention may be configured such that the arithmetic pro-
cessor sets the allowable arrival angle range in accordance
with depth of a processing target point of the beam forming
process.

[0016] According to the fifth aspect of the invention, the
allowable arrival angle range can be set in accordance with
the depth of the processing target point for each of the
processing target points of the beam forming process.

[0017] As a sixth aspect of the invention, the ultrasonic
measurement device according to any one of the first
through fifth aspects of the invention may be configured
such that the arithmetic processor performs, as a part of the
reduction process, a thinning process adapted to thin the
received signals corresponding respectively to the ultrasonic
elements in accordance with depth of a processing target
point of the beam forming process.

[0018] According to the sixth aspect of the invention, the
received signals can be thinned in accordance with the depth
of the processing target point for each of the processing
target points of the beam forming process. Further, it is
possible to perform the beam forming process with respect
to the received signals on which the thinning process has
been performed.

[0019] As a seventh aspect of the invention, the ultrasonic
measurement device according to the sixth aspect of the
invention may be configured such that the arithmetic pro-
cessor performs the thinning process by thinning the
received signals based on a pitch length of the ultrasonic
elements corresponding to a “propagatable” frequency
determined based on depth of the processing target point.

[0020] According to the seventh aspect of the invention, it
is possible to thin the received signals based on the pitch
length of the ultrasonic elements corresponding to the
“propagatable” frequency determined by the depth of the
processing target point.

[0021] As an eighth aspect of the invention, the ultrasonic
measurement device according to any one of the first
through seventh aspects of the invention may be configured
such that the arithmetic processor calculates weight based on
the signals on which the reduction process has been per-
formed, and performs the beam forming process as an
adaptive beam forming process in which weighted addition
is performed on the signals using the weight.
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[0022] According to the eighth aspect of the invention, by
performing the adaptive beam forming process, since the
resolution (azimuth resolution) can be improved compared
to the non-adaptive beam forming process, the image quality
of the ultrasonic image can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.

[0024] FIG. 1 is a diagram showing a system configuration
example of an ultrasonic measurement device.

[0025] FIG. 2 is a diagram showing a processing block
example of a reduction process.

[0026] FIG. 3 is a diagram showing a data configuration
example of a number-of-reception channels table.

[0027] FIG. 4 is a diagram showing an example of recep-
tion directional characteristics.

[0028] FIG. 5isa diagram showing a relationship between
an incoming wave coming to ultrasonic elements and the
arrival angle of the incoming wave.

[0029] FIG. 6 is a diagram showing the relationship
between the incoming wave coming to ultrasonic elements
and the arrival angle of the incoming wave.

[0030] FIG. 7 is a diagram showing the relationship
between the incoming wave coming to ultrasonic elements
and the arrival angle of the incoming wave.

[0031] FIG. 8 is a diagram showing a selection proportion
conversion formula as a graph.

[0032] FIG. 9 is a block diagram showing a functional
configuration example of the ultrasonic measurement
device.

[0033] FIG. 10 is a flowchart showing a flow of a gen-
eration process of an ultrasonic image.

[0034] FIG. 11 is a diagram showing a relationship
between an angular range of a transmission beam width and
sensitivity.

[0035] FIG. 12 is a diagram showing another relationship
between the angular range of the transmission beam width
and the sensitivity.

[0036] FIG. 13 is a block diagram showing a functional
configuration example of an ultrasonic measurement device
according to a modified example.

[0037] FIG. 14 is a flowchart showing a flow of a gen-
eration process of an ultrasonic image in the modified
example.

DESCRIPTION OF AN EXEMPLARY
EMBODIMENT

[0038] A preferred embodiment of the invention will here-
inafter be described with reference to the accompanying
drawings. It should be noted that the invention is not limited
by the embodiment hereinafter described, and configurations
to which the invention can be applied are not limited to the
following embodiment. Further, in the description of the
drawings, the same parts are denoted by the same symbols.
[0039] FIG. 1is a diagram showing a system configuration
example of an ultrasonic measurement device 10 according
to the present embodiment. The ultrasonic measurement
device 10 is for obtaining biological information of a test
subject 2 using ultrasonic measurement, and is provided
with a touch panel 12 functioning as both of a device for
displaying an image of a measurement result and operational
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information and a device for inputting an operation, a
keyboard 14 for inputting an operation, an ultrasonic probe
(a probe) 16, and an image processing device 30.

[0040] The ultrasonic probe 16 incorporates a plurality of
ultrasonic elements (ultrasonic vibrators) arranged in an
array with regular intervals on a sensor surface, and per-
forms the ultrasonic measurement with, for example, a
so-called linear scanning method of transmitting and receiv-
ing an ultrasonic beam along a plurality of scan lines parallel
to each other while shifting the incident position of the
ultrasonic beam in the arrangement direction of the ultra-
sonic elements. The ultrasonic probe 16 is used with the
sensor surface appressed against a biological surface (a
cervical region in FIG. 1) of the test subject 2. It should be
noted that the scan method is not limited to the linear scan
method, and it is also possible to apply the present embodi-
ment in a similar manner in the case of adopting other scan
methods such as a sector scan method. Further, the mea-
surement region against which the ultrasonic probe 16 is
appressed is not limited to the cervical region, but is set to
the region of the test subject 2 corresponding to the purpose
of the measurement such as a wrist, an arm, or an abdominal
region.

[0041] The image processing device 30 is equipped with a
control board 31, and is connected to each part of the device
such as the touch panel 12, the keyboard 14, or the ultrasonic
probe 16 so as to be able to transmit and receive signals. On
the control board 31, there are mounted a storage medium 33
such as an IC memory or a hard disc drive, and a commu-
nication IC 34 for realizing data communication with an
external device besides a variety of integrated circuits such
as a central processing unit (CPU) 32, an application specific
integrated circuit (ASIC), and a field-programmable gate
array (FPGA). The CPU 32 or the like executes a program
stored in the storage medium 33 in the image processing
device 30, and thus, the ultrasonic measurement device 10
performs a process necessary for obtaining the biological
information such as the ultrasonic measurement.

[0042] Specifically, due to the control by the image pro-
cessing device 30, the ultrasonic measurement device 10
transmits the ultrasonic beam from the ultrasonic probe 16
to the test subject 2, and then receives the reflected wave of
the ultrasonic beam to perform the ultrasonic measurement.
Then, the ultrasonic measurement device 10 amplifies/per-
forms signal processing on the received signal of the
reflected wave to generate reflected wave data such as
positional information of an intravital structure of the test
subject 2 or a temporal change. The ultrasonic measurement
is repeatedly performed with a predetermined period. A
measurement unit is called “frame.”

[0043] The reflected wave data includes at least a so-called
B-mode image, but it is also possible to assume that the
reflected wave data includes images of so-called A-mode,
M-mode, and color Doppler mode besides the B-mode
image. The A-mode is the mode for displaying the amplitude
(an A-mode image) of the reflected wave defining the first
axis as the sampling point sequence of the received signal
along the transmission/reception direction (the direction of
the scan line), and the second axis as the received signal
intensity of the reflected wave at each of the sampling
points. Further, the B-mode is the mode for displaying a
two-dimensional ultrasonic image (a B-mode image) of the
intravital structure which is visualized by converting the
reflected wave amplitude (the A-mode image) obtained
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while scanning a predetermined scan range with the ultra-
sonic beam into a luminance value.

Principle

[0044] When generating the reflected wave data, the ultra-
sonic measurement device 10 performs (received beam
forming) a process of performing phasing addition on the
received signals from the respective ultrasonic elements
(hereinafter also referred to as “channels”) for each of the
sampling points. In the case in which a plurality of ultrasonic
element groups constitutes one channel to perform trans-
mission and reception of the ultrasonic wave, the phasing
addition is performed on the received signals obtained by the
respective ultrasonic element groups. Hereinafter, the
received signal from each of the channels each constituted
by the ultrasonic element or the ultrasonic element group is
referred to as a “channel signal.”

[0045] Specifically, after a reception focusing process (a
phasing process) for applying a delay to the channel signal
from each of the channels, the beam forming process for
adding the channel signals, on which the reception focusing
process has been performed, to each other is performed.
Thus, it is possible to amplify only the signal from a desired
direction (the direction of the scan line) having the same
phase, and thus it is possible to extract the desired wave from
the direction of the scan line.

[0046] Here, as one of the methods of the wave forming
process, there is known adaptive beam forming (hereinafter
referred to as an “adaptive BF process”) of dynamically
changing the addition weight used for the addition of the
channel signals in accordance with the incoming wave.
According to a brief description of the processing procedure
of the adaptive beam forming, the following process is
performed for each of the sampling points. Firstly, a corre-
lation matrix is calculated based on the channel signals of
the respective channels on which the reception focusing
process has been performed. Subsequently, the addition
weight to be multiplied by each of the channel signals is
calculated based on the correlation matrix thus calculated
using a steering vector defined based on the direction of the
scan line. Subsequently, the weighted addition is performed
on the channel signals of the respective channels, on which
the reception focusing process has been performed, using
the addition weights thus calculated. As a specific example
of the adaptive BF process, there can be cited a minimum
variance (MV) method, an amplitude and phase estimation
(APES) method and so on, which can arbitrarily be adopted.
According to the adaptive BF process, it is possible to
perform the weighted addition on the channel signals with a
restriction on the direction so as to have sensitivity only to
the desired wave from the direction of the scan line and so
as not to have sensitivity to unwanted waves, and thus high
resolution can be achieved.

[0047] However, since the adaptive BF process is a com-
plicated process of calculating the addition weights to be
multiplied by the channel signals every time, there is a
problem that an amount of calculation increases. Here, the
amount of calculation related to the execution of the adap-
tive BF process is determined by the number M of the
channels and the degree of the calculating formula for
calculating the addition weight, and is expressed by the O
notation as O(M"3). Therefore, if the number of the signals
passed to the adaptive BF process can be made smaller than
the number M of the channels, an amount of data processed
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in the adaptive BF process can be reduced, and thus, the
amount of calculation can be reduced.

[0048] Therefore, in the present embodiment, prior to the
adaptive BF process, there is performed a reduction process
for reducing an amount of information of the channel signals
from the respective channels based on the reception fre-
quency. FIG. 2 is a diagram showing a processing block
example of the reduction process. In the reduction process,
firstly, (1) a thinning process P11 is performed on the
channel signals (in more detail, the channel signals on which
the focusing process has been performed) x,, from the
respective channels, the number of which is M. Subse-
quently, (2) there is performed a frequency analysis process
P13 of the channel signals x, the number of which is reduced
to K (M=K) by the thinning process P11, and then there is
performed a selection process P15 for selecting signals with
given frequency components from the frequency signals y,
obtained by the frequency analysis process. The frequency
signals y,, the number of which is reduced to N (K=N) by the
selection process P15 is passed to the adaptive BF process
P17.

(1) Thinning Process

[0049] The ultrasonic wave having entered the test subject
2 propagates through the test subject 2 while being attenu-
ated. Therefore, the frequency (“propagatable” frequency)
of the carrier wave which can propagate to the sampling
point (processing target point) regarded as the processing
target by the adaptive BF process P17 differs by the depth of
the processing target point from the biological surface.
[0050] Here, the interval between (pitch length of) the
ultrasonic elements (channels) provided to the probe 16 is
set to the length corresponding to a half wavelength of the
carrier wave according to the sampling theorem. Therefore,
in the case in which the pitch length of the ultrasonic
elements is determined in accordance with the maximum
carrier wave frequency, assuming that the actual carrier
wave frequency decreases by half in the process of propa-
gating through the test subject 2, the wavelength of the
carrier wave is doubled, and therefore, it results that the
pitch length twice of the original pitch length is only
required as the necessary pitch length. In terms of the
number of channels, half the number is sufficient. Therefore,
in the thinning process P11, the channel signals x,, of the
respective channels are thinned in accordance with the depth
of the processing target point, and then the channel signals
X, as a result of the thinning process P11 is passed to the
frequency analysis process P13.

[0051] In order to do this, the relationship between the
frequency (reception frequency) of the incoming wave
assumed from the “propagatable” frequency of the depth and
the necessary number of channels (number of the reception
channels) is determined in advance for each depth to form a
number-of-reception channels table. Specifically, the recep-
tion frequency is calculated and set using a simplified model
of the attenuation and taking the attenuation of the ultrasonic
wave corresponding to the depth into consideration. Alter-
natively, it is also possible to set the reception frequency by
measuring the reception frequency for each depth. Mean-
while, the number of the reception channels is set by
identifying the necessary pitch length for each of the recep-
tion frequencies of the respective depths thus set in accor-
dance with the relationship between the carrier wave fre-
quency and the pitch length described above.
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[0052] FIG. 3 is a diagram showing a data configuration
example of the number-of-reception channels table. As
shown in FIG. 3, the correspondence relationship between
the depth, the reception frequency, and the number of the
reception channels is set in the number-of-reception chan-
nels table. In the setting example shown in FIG. 3, the
reception frequency corresponding to the depth smaller than
10 [mm] is 8 [MHz] on the one hand, the reception fre-
quency decreases by half'to 4 [MHz] in the depth no smaller
than 10 [mm)] and no larger than 50 [mm]. Therefore, to the
number of the reception channels in the case of the depth no
smaller than 10 [mm] and no larger than 50 [mm], “32” is
set, which is a half of the number of the reception channels
of “64” in the case of the depth smaller than 10 [mm].
Further, in the depth larger than 50 [mm)], the reception
frequency further decreases by half to 2 [MHz|, and there-
fore, “16” is set to the number of the reception channels.

[0053] Here, in the description of the thinning process P11
on the assumption that the setting of the aperture width of
the ultrasonic elements (channels) used for each scan is 64
channels, with respect to the processing target points with
the depth smaller than 10 [mm], the number of the reception
channels is “64,” and therefore, the channel signals x,, from
the respective channels are directly passed to the frequency
analysis process P13 in the posterior stage as the channel
signals x, (M=K) without thinning the channel signals x,,.. In
contrast, in the case in which the depth of the processing
target point is no smaller than 10 [mm] and no larger than
50 [mm)], the number of the reception channels is “32” half
as large as the number of the total channels of 64, and
therefore, the channel signals x,, are thinned alternately so
that the necessary pitch length becomes twice as large as the
actual pitch length. Then, the 32 channel signals x; obtained
by the thinning operation are passed to the frequency
analysis process P13. Further, in the case in which the depth
exceeds 50 [mm], since the number of the reception chan-
nels is “16” quarter as large as the number of the total
channels of 64, the channel signals x, are thinned by
eliminating 3 signals every 4 signals to obtain 16 channel
signals x, so that the necessary pitch length becomes four
times, and then the 16 channel signals x, are passed to the
frequency analysis process P13.

(2) Frequency Analysis Process/Selection Process

[0054] FIG. 4 is a diagram showing an example of recep-
tion directional characteristics (a directionality pattern) of
the incoming wave from a variety of directions when
providing the directionality to 0 degree defining the hori-
zontal axis as an angle (arrival angle) and the vertical axis
as sensitivity (reception sensitivity). The reception direc-
tional characteristics can be obtained by the following
formula (1) using the carrier frequency and the aperture
width. The aperture width is determined based on the
number M of the channels used and the pitch length, and is
designated by the positions d,,, of the respective M ultrasonic
elements in the formula (1). Further, in the formula (1), “c”
represents the sound speed. “f” represents the carrier wave
frequency, “6” represents the arrival angle, and “w,” repre-
sents the weights of the respective channels. The reception
directional characteristics shown in FIG. 4 are obtained
assuming that the number M of the channels is “16,” the
pitch length is a half wavelength of the carrier wave, and the
weight w, is “1.”
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[0055] As shown in FIG. 4, in the reception directional
characteristics, the main lobe appears in the direction of 0
degree in which the directionality is provided, and the side
lobes appear in the directions deviated from 0 degree. In
short, the main lobe is the desired wave, and the side lobes
are unwanted waves. Therefore, the side lobes high in
sensitivity degrade the resolution, and incur the deterioration
of the image quality of the ultrasonic image.

[0056] However, this does not necessarily arise the prob-
lem in the entire angular range other than O degree. Since the
longer the distance of the side lobe from 0 degree is, the
lower the level of the side lobe becomes, at the angle at
which the level of the side lobe is as low as a negligible
level, even if the wave comes from that direction, the wave
does not become a factor for dramatically degrading the
resolution. In addition, since the ultrasonic beam is trans-
mitted toward the focal position on the scan line with the
beam converged, in general, the closer to the direction
(direction of O degree) of the scan line, the higher the
intensity of the received signal becomes, and the further
from 0 degree, the lower the intensity of the received signal
becomes. Therefore, even if the adaptive BF process P17 is
performed while neglecting the waves with large arrival
angle, the influence on the image quality is small. Further, by
eliminating the signal components related to the negligible
incoming wave from the channel signals (the channel signals
x,. after the thinning process in the present embodiment) of
the respective channels to thereby reduce the number of the
signals to be passed to the adaptive BF process P17, the
amount of the calculation related to the execution of the
adaptive BF process P17 can be reduced accordingly.
[0057] For example, assuming that the allowable level
(hereinafter referred to as an “allowable sensitivity level”) is
set to =20 [dB], in the example shown in FIG. 4, it is possible
to neglect the incoming waves the arrival angle of which is
within the angular range (an allowable arrival angle range)
of equal to or greater than about £30 degrees. Therefore, due
to the frequency analysis process P13 and the selection
process P15, the signal components related to the incoming
waves within the allowable arrival angle range are elimi-
nated. The allowable sensitivity level is set by, for example,
receiving the operation input by the user. It should be noted
that it is also possible to adopt a configuration of setting the
allowable sensitivity level in advance as a predetermined
value (e.g., =20 [dB]).

[0058] Incidentally, there is a predetermined relationship
between the received wave (the incoming wave) coming to
the ultrasonic element used and the arrival angle at which the
incoming wave comes. Hereinafter, the relationship
described above will be described with reference to FIGS. 5
to 7 and citing the ideal state of the case, in which the
incoming wave is a single wave with the carrier wave
frequency, and comes to the ultrasonic elements as a parallel
wave, as an example. FIG. 5 is a schematic diagram showing
the arrival angle 0 of the incoming wave coming to the
ultrasonic elements 161a through 161e. It should be noted
that in FIG. 5, the number of the channels used is set to “5”
for the sake of simplification, and the five ultrasonic ele-
ments 161a through 161e are shown. Further, FIG. 6 1s a
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schematic diagram showing the reception of the incoming
wave from the arrival angle 8, shown in FIG. 5, and FIG. 7
is a schematic diagram showing the reception of the incom-
ing wave from the arrival angle 0, shown in FIG. 5.
[0059] For example, in the case in which the arrival angle
is 0 degree, the phases of the incoming waves received by
the respective ultrasonic elements 161a through 161e are the
same. Therefore, in the case of performing an inclusive
frequency analysis (hereinafter simply referred to as a
“frequency analysis™) with the uniform reception timing on
the received signals (the channel signals) of the respective
ultrasonic elements 161a through 161e, the signal level of
the signal (0 [Hz]) corresponding to a direct-current signal
becomes the highest out of the frequency signals.

[0060] In contrast, in the case in which the arrival angle is
an angle other than O degree (e.g., 0, or 0,) such as 15
degrees or 30 degrees, differences occur between the phases
of the incoming waves received by the respective ultrasonic
elements 161a through 161e as illustrated in FIG. 6 and FIG.
7. Due to the phase differences, phase difference signals are
generated between the received signals of the respective
ultrasonic elements 161a through 161e. In other words, due
to the fact that the arrival angle is not equal to 0 degree,
differences are caused between the signal levels of the
incoming waves received by the respective ultrasonic ele-
ments 161a through 161e, and if the signal levels are
observed along the arrangement of the ultrasonic elements
161a through 161le, a cyclic signal corresponding to the
arrival angle is obtained. This signal is referred to as a
“phase difference signal.” In the middle of FIG. 6, there is
shown an example of the phase difference signal S1 at the
time point t, in the case in which the arrival angle is 0,, and
in the middle of FIG. 7, there is shown an example of the
phase difference signal S2 at the time point t; in the case in
which the arrival angle is 0,. As represented by the wave-
forms of the respective phase difference signals S1, S2, as
the arrival angle approaches 90 degrees, the cycle of the
phase difference signal is shortened (the frequency rises).
Then, when the arrival angle reaches 90 degrees, the fre-
quency of the phase difference signal becomes equal to the
frequency of the incoming wave, namely the carrier wave
frequency.

[0061] Therefore, if the frequency analysis is performed
on the received signals of the respective ultrasonic elements
161a through 161e in the case in which the arrival angle is
not equal to 0 degree, the level of the signal with a certain
frequency becomes the highest. If the frequency of the signal
with the highest signal level is equal to the frequency (=the
carrier wave frequency) of the incoming wave, it is possible
to determine that the arrival angle is 90 degrees.

[0062] The above is the case of the ideal state of the case
in which the incoming wave is the single wave with the
carrier wave frequency and comes to the ultrasonic elements
as the parallel wave, but can also be applied to the actual
received signals. Specifically, when performing the fre-
quency analysis on the received signals of the respective
ultrasonic elements 161a through 161le, it results that a
plurality of frequency signals is detected between 0 [Hz]
through the carrier wave frequency. Further, the range of 0
[Hz] through the carrier wave frequency corresponds to the
arrival angle of 0 degree through 90 degrees (more accu-
rately, 90 degrees). Therefore, the elimination of the signal
component related to the incoming wave in the allowable
arrival angle range described above can be achieved by
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eliminating the frequency signal in the frequency band on
the high frequency side corresponding to the allowable
arrival angle range, in other words, by selecting the fre-
quency signal in the frequency band on the low frequency
side not corresponding to the allowable arrival angle range.
[0063] Specifically, it is possible to perform the process of,
for example, performing the discrete Fourier transform
(DFT) due to the following formulas (2), (3) on the K
channel signals x, using a beam space method as a known
technology to thereby transform the K channel signals x;,
into the K frequency signals y, as the frequency analysis
process P13.

M1 2)
Vpil = Z WX

0
where, w = ¢~ 7/M 3

[0064] Further, the selection process P15 is a process of
selecting the frequency signals y, on the low frequency side
from the frequency signals y, obtained by the frequency
analysis to eliminate the frequency signals y, on the high
frequency side. The number of the signals selected is deter-
mined using the relational expression (a selection proportion
conversion formula) between the allowable arrival angle
range determined in advance and the selection proportion.
Specifically, the selection proportion is obtained from the
allowable arrival angle range in accordance with the selec-
tion proportion conversion formula, and then the selection
proportion thus obtained is multiplied by the number K (the
number of the channel signals x,) of the frequency signals y,
to obtain the number of the signals selected. Then, the
frequency signals y, corresponding to the number of the
signals selected are selected from the low frequency side out
of the frequency signals y, to obtain the frequency signals
y,, and then the frequency signals y, are passed to the
adaptive BF process P17.

[0065] FIG. 8 is a diagram showing the selection propor-
tion conversion formula as a graph. For example, in the case
in which the allowable arrival angle range is equal to or
larger than 30 degrees, the number of the signals selected
is determined using the selection proportion “0.5” corre-
sponding to 30 degrees in the example shown in FIG. 8. In
this case, it results that the K/2 frequency signals y, on the
low frequency side are selected from the frequency signals
v, and it is possible to reduce the frequency signals y, by
half and then pass the reduced frequency signals to the
adaptive BF process P17. Therefore, it is possible to reduce
the amount of the calculation related to the execution of the
adaptive BF process P17 while suppressing the influence on
the image quality.

Functional Configuration

[0066] FIG. 9 is a block diagram showing a functional
configuration example of the ultrasonic measurement device
10. The ultrasonic measurement device 10 is provided with
an image processing device 30 and the ultrasonic probe 16,
and the image processing device 30 is provided with an
operation inputter 310, a display 330, a communicator 350,
an arithmetic processor 370, and a storage 500.

[0067] The ultrasonic probe 16 is provided with the plu-
rality of ultrasonic elements (channels) arranged, and trans-
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mits the ultrasonic wave based on a pulse voltage from the
image processing device 30 (in more detail, an ultrasonic
measurement controller 371 of the arithmetic processor
370). Then, the ultrasonic probe 16 receives the reflected
wave of the ultrasonic wave thus transmitted, and then
outputs the channel signals from the respective channels to
the ultrasonic measurement controller 371.

[0068] The operation inputter 310 receives a variety of
operations by the user, and outputs an operation input signal
corresponding to the operation input to the arithmetic pro-
cessor 370. The operation inputter 310 can be realized by a
button switch, a lever switch, a dial switch, a track pad, a
mouse, and so on. In FIG. 1, the touch panel 12 and the
keyboard 14 correspond to the operation inputter 310.

[0069] The display 330 is realized by a display device
such as a liquid crystal display (LCD), and performs a
variety of types of display based on a display signal from the
arithmetic processor 370. In FIG. 1 the touch panel 12
corresponds to the display 330.

[0070] The communicator 350 is a communication device
for transmitting and receiving data with the outside under
the control by the arithmetic processor 370. As the commu-
nication method of the communicator 350, it is possible to
apply a variety of methods such as a type of achieving wired
connection via a cable compliant with a predetermined
communication standard, a type of achieving connection via
an intermediate device also used as a battery charger called
a cradle and so on, or a type of achieving wireless connec-
tion using wireless communication. In FIG. 1, the commu-
nication IC 34 corresponds to the communicator 350.

[0071] The arithmetic processor 370 is realized by a
microprocessor such as a CPU or a graphics processing unit
(GPU) and electronic components such as an ASIC, an
FPGA, and an IC memory. Further, the arithmetic processor
370 performs the input/output control of the data between
functional parts, and executes a variety of types of arithmetic
processing based on a predetermined program and data, the
operation input signal from the operation inputter 310, the
channel signals of the respective channels from the ultra-
sonic probe 16, to thereby calculate the biological informa-
tion of the test subject 2. In FIG. 1 the CPU 32 corresponds
to the arithmetic processor 370. It should be noted that it is
possible to assume that the parts constituting the arithmetic
processor 370 are formed of hardware such as a dedicated
modular circuitry.

[0072] The arithmetic processor 370 includes the ultra-
sonic measurement controller 371 and an image generator
400.

[0073] The ultrasonic measurement controller 371 consti-
tutes an ultrasonic measurer 20 together with the ultrasonic
probe 16, and the ultrasonic measurer 20 performs the
ultrasonic measurement. The ultrasonic measurement con-
troller 371 can be realized using a known technology.
Specifically, the ultrasonic measurement controller 371 con-
trols the transmission timing of the ultrasonic pulse by the
ultrasonic probe 16, and generates the pulse voltage at the
transmission timing, and then outputs the pulse voltage to
the ultrasonic probe 16. On this occasion, the ultrasonic
measurement controller 371 performs the transmission delay
process to adjust the output timing of the pulse voltage to
each of the channels. Further, the ultrasonic measurement
controller 371 performs amplification and the filter process
on the channel signals of the respective channels from the
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ultrasonic probe 16, and then outputs the channel signals
(the measurement result) of the respective channels to the
image generator 400.

[0074] The image generator 400 generates the ultrasonic
image based on the channel signals of the respective chan-
nels from the ultrasonic measurement controller 371. The
image generator 400 includes an allowable arrival angle
range setter 410, a selection proportion calculator 420, a
reception focusing processor 430, a reduction processor 440,
and an adaptive BF processor 470.

[0075] The allowable arrival angle range setter 410 sets
the allowable sensitivity level in accordance with the user
operation, and sets the allowable arrival angle range using
the allowable sensitivity level. The selection proportion
calculator 420 calculates the selection proportion in accor-
dance with the allowable arrival angle range set by the
allowable arrival angle range setter 410.

[0076] The reception focusing processor 430 performs the
reception focusing process of applying the delay to the
channel signals of the respective channels by adding the
delay time determined in advance for the corresponding
channel. The channel signals x,, of the respective channels
on which the reception focusing process has been performed
are output to a thinning processor 450 of the reduction
processor 440.

[0077] The reduction processor 440 is provided with the
thinning processor 450 and a frequency analysis processor
460, and performs the reduction process. The thinning
processor 450 performs the thinning process for thinning the
channel signals x,, of the respective channels on which the
focusing process has been performed in accordance with the
depth of the processing target point. The channel signals x;,
on which the thinning process has been performed are output
to the frequency analysis processor 460. The frequency
analysis processor 460 performs the frequency analysis
process for performing the frequency analysis on the chan-
nel signals x, to convert the channels signals x, into the
plurality of frequency signals y,. The frequency analysis
processor 460 is provided with a selection processor 461.
The selection processor 461 performs the selection process
for selecting the frequency signals y, on the low frequency
side from the plurality of frequency signals y, obtained by
the frequency analysis. The frequency signals y, on which
the selection process has been performed are output to the
adaptive BF processor 470.

[0078] The adaptive BF processor 470 performs the adap-
tive BF process on the frequency signals y,,.

[0079] The storage 500 is realized by a storage medium
such as an IC memory, a hard disc drive, or an optical disk.
In the storage 500, there are stored a program for operating
the ultrasonic measurement device 10 and realizing a variety
of functions provided to the ultrasonic measurement device
10, and the data used during the execution of the program in
advance, or temporarily in every processing. In FIG. 1, the
storage medium 33 mounted on the control substrate 31
corresponds to the storage 500. It should be noted that the
connection between the arithmetic processor 370 and the
storage 500 is not limited to the connection with the internal
bus circuit in the device, but can also be realized by a
communication network such as a local area network (LAN)
or the Internet. On that occasion, it is also possible to assume
that the storage 500 is realized by an external storage device
separate from the ultrasonic measurement device 10.
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[0080] Further, the storage 500 stores an ultrasonic mea-
surement program 510, received signal data 520, reflected
wave data 530, the number-of-reception channels table 540,
reception directional characteristics data 550, and the selec-
tion proportion conversion formula 560.

[0081] The arithmetic processor 370 retrieves and then
executes the ultrasonic measurement program 510 to thereby
realize the functions of the ultrasonic measurement control-
ler 371, the image generator 400, and so on. It should be
noted that in the case of realizing these functional parts with
hardware such as an electronic circuit, the part of the
program for realizing the functions can be eliminated.
[0082] As the received signal data 520, there are stored the
received signals (the channel signals) of the respective
ultrasonic elements (the channels) related to the scan of the
scan line obtained as a result of the ultrasonic measurement.
[0083] As the reflected wave data 530, there is stored the
reflected wave data obtained by the ultrasonic measurement
repeated every frame. The reflected wave data 530 includes
the data of the B-mode image for each frame as the ultra-
sonic image.

[0084] As illustrated in FIG. 3, the number-of-reception
channels table 540 is a data table setting the correspondence
relationship between the depth, the reception frequency, and
the number of the reception channels.

[0085] As the reception directional characteristics data
550, there are stored the reception directional characteristics
calculated using formula (1) (see FIG. 4). For example, in
the case of fixing the aperture width used, the reception
directional characteristics are calculated for each carrier
wave frequency which can be selected, and the reception
directional characteristics data 550 is generated for each
carrier wave frequency in advance.

[0086] As the selection proportion conversion formula
560, there is stored the data of the selection proportion
conversion formula as the relational expression between the
allowable arrival angle range and the selection proportion
shown in FIG. 8. It should be noted that besides the
configuration of storing the selection proportion conversion
formula, it is also possible to adopt a configuration of storing
the relationship between the allowable arrival angle range
and the selection proportion determined by the selection
proportion conversion formula as a table.

Flow of Process

[0087] FIG. 10 is a flowchart showing a flow of a gen-
eration process of the ultrasonic image in the present
embodiment. The process described here is started when, for
example, the user presses the ultrasonic probe 16 against the
body surface of the test subject 2, and then performs a
predetermined measurement start operation. It should be
noted that the present process can be realized by the arith-
metic processor 370 retrieving the ultrasonic measurement
program 510 from the storage 500 and then executing the
ultrasonic measurement program 510 to thereby operate
each section of the ultrasonic measurement device 10.

[0088] Prior to the ultrasonic measurement, firstly, the
allowable arrival angle range setter 410 receives the opera-
tion input by the user to set (step s1) the allowable sensitivity
level. Further, on this occasion, the selection operation of the
carrier wave frequency is arbitrarily received. Then, the
allowable arrival angle range setter 410 refers to the recep-
tion directional characteristics data 550 to read the angle
corresponding to the allowable sensitivity level set in the
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step s1 from the reception directional characteristics of the
carrier wave frequency, and then sets (step s3) the allowable
arrival angle range.

[0089] Subsequently, the selection proportion calculator
420 obtains (step s3) the selection proportion corresponding
to the angle obtained in the step s3 based on the selection
proportion conversion formula 560. Subsequently, the pro-
cess on and after the step S7 is repeated frame by frame.
[0090] Firstly, the ultrasonic measurer 20 performs (step
s7) the ultrasonic measurement. Due to the process here, the
measurement result is stored as the received signal data 520.
[0091] Subsequently, the process in loop A is repeated
(step s9 through step s27) for each scan line while referring
to the received signal data 520. Then, in the loop A,
sampling for a certain period is performed with respect to the
processing target line using the measurement result of the
ultrasonic measurement in the step 87, and then the process
in a loop B is performed (step s11 through step s25)
sequentially setting the sampling points as the processing
target point.

[0092] In the loop B, firstly, the reception focusing pro-
cessor 430 performs (step s12) the reception focusing pro-
cess of applying a delay of the delay time to the channel
signals from the respective channels.

[0093] Subsequently, the thinning processor 450 retrieves
the number of the reception channels corresponding to the
depth of the processing target point from the number-of-
reception channels table 540 to obtain (step s13) the number
of the reception channels. Then, the thinning processor 450
thins (the thinning process; step s15) the channel signals x,,
of the respective channels on which the focusing process has
been performed in accordance with the number of the
reception channels obtained in the step s13.

[0094] Subsequently, the frequency analysis processor
460 performs the discrete Fourier transform (DFT) on the
channel signals x, on which the thinning process has been
performed using the beam space method to thereby trans-
form (the frequency analysis process; step s17) the channel
signals into the plurality of (K) frequency signals y,. Sub-
sequently, the selection processor 461 determines (step s19)
the number of the signals selected by multiplying the
number K of the frequency signals obtained by the fre-
quency analysis by the selection proportion obtained in the
step s5. Then, the selection processor 461 selects (step s21)
the frequency signals y,, corresponding to the number of the
signals selected from the low temperature side out of the
frequency signals y,. Subsequently, the adaptive BF proces-
sor 470 performs (step s23) the adaptive BF process on the
frequency signals y,, on which the selection process has been
performed.

[0095] The process in the loop B is repeated, and when the
sampling on the processing target line has been completed,
the process in the loop A with respect to the processing target
line is terminated. Then, when the process in the loop A has
been performed setting all of the scan lines as the processing
target, the necessary process is performed on the output
signal of the adaptive BF processor 470 obtained for each of
the sampling points to generate (step s29) the ultrasonic
image. The ultrasonic image thus generated is controlled to
be displayed arbitrarily on the display 330 as the so-called
B-mode image.

[0096] As described above, according to the present
embodiment, it is possible to thin the channel signals x,
from the respective channels in accordance with the depth of

Mar. 29, 2018

the processing target point of the adaptive BF process.
Further, it is possible to reduce the number of channel
signals by eliminating the signal components related to the
incoming waves with a large arrival angle from the channel
signals x, on which the thinning process has been pre-
formed, and then perform the adaptive BF process. There-
fore, it is possible to reduce the amount of the data processed
in the adaptive BF to thereby reduce the amount of the
calculation related to the execution of the beam forming
process while suppressing the deterioration of the image
quality of the ultrasonic image.

Modified Example 1

[0097] In the embodiment described above, it is assumed
that the allowable arrival angle range corresponding to the
allowable sensitivity level is set in accordance with the
reception sensitivity characteristics. In contrast, it is also
possible to assume that the allowable arrival angle range is
set in accordance with the depth of the processing target
point.

[0098] As described above, the ultrasonic beam transmit-
ted from the ultrasonic probe 16 is a beam thinly converged
toward the focal position. Therefore, from the viewpoint of
receiving the incoming wave as the reflected wave, the
narrower the beam width is, the less incoming light comes
from the arrival angle deviated from 0 degree. The beam
width (the transmission beam width) of the ultrasonic beam
at each depth can be calculated from the shape of the
ultrasonic beam transmitted and the aperture width. FIG. 11
is a diagram showing a relationship between the angular
range of the transmission bean width and the sensitivity at
the depth of 50 [mm] in the case in which the focus is 50
[mm], and FIG. 12 is a diagram showing the same relation-
ship at the depth of 100 [mm].

[0099] Therefore, in the present modified example, the
relationship between the angular range of the transmission
beam width and the sensitivity is calculated in advance for
each depth to generate transmission beam width data. Then,
using the transmission beam width data corresponding to the
depth of the processing target point, the allowable arrival
angle range is set in accordance with the angular range of the
transmission beam width corresponding to the allowable
sensitivity level with which the reception is allowed.
[0100] For example, in the case in which the allowable
sensitivity level is set to -20 [dB], and the depth of the
processing target point is 50 [mm)], the transmission beam
width data defining the relationship of FIG. 11 is referred to.
Then, the range equal to or larger than £5 degrees which is
out of the angular range of the transmission beam width at
-20 [dB] is defined as the allowable arrival angle range.
Further, in the case in which the depth of the processing
target point is 100 [mm], the transmission beam width data
defining the relationship of FIG. 12 is referred to. Then, the
range equal to or larger than +10 degrees which is out of the
angular range of the transmission beam width at -20 [dB] is
defined as the allowable arrival angle range. Afier setting the
allowable arrival angle range, the selection proportion is
obtained using the selection proportion conversion formula
in substantially the same manner as in the embodiment
described above.

[0101] FIG. 13 is a block diagram showing a functional
configuration example of the ultrasonic measurement device
10 according to the present modified example. It should be
noted that in FIG. 13, substantially the same constituents as
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in the embodiment described above are denoted by the same
symbols. In the ultrasonic measurement device 10 according
to the present modified example, an image generator 400a of
an arithmetic processor 370a includes an allowable arrival
angle range setter 4104, the selection proportion calculator
420, the reception focusing processor 430, the reduction
processor 440, and the adaptive BF processor 470. Further,
a storage 500a stores an ultrasonic measurement program
510a, the received signal data 520, the reflected wave data
530, the number-of-reception channels table 540, transmis-
sion beam width data 570a, and the selection proportion
conversion formula 560.

[0102] As the transmission beam width data 570a, the
relationship between the angular range of the transmission
beam width and the sensitivity illustrated in FIG. 11 and
FIG. 12 is stored for each depth. Then, the allowable arrival
angle range setter 410a refers to the transmission beam
width data 570q, and sets the allowable arrival angle range
corresponding to the allowable sensitivity level based on the
relationship between the angular range of the transmission
bam width corresponding to the depth of the processing
target point and the sensitivity.

[0103] FIG. 14 is a flowchart showing a flow of a gen-
eration process of the ultrasonic image in the present modi-
fied example. It should be noted that in FIG. 14, substan-
tially the same processing steps as in the embodiment
described above are denoted by the same symbols. The
present process can be realized by the arithmetic processor
370a retrieving the ultrasonic measurement program 510a
from the storage 5004 and then executing the ultrasonic
measurement program 510a to thereby operate each section
of the ultrasonic measurement device 10.

[0104] In the present modified example, the allowable
sensitivity level is set in the step s1, and then the process
proceeds to the step s7 to repeat the process on and after the
ultrasonic measurement frame by frame. Then, after the
thinning process in the step s15, the allowable arrival angle
range setter 410a refers to the transmission beam width data
570a to read out the angle corresponding to the allowable
sensitivity level set in the step sl from the relationship
between the angular range of the transmission beam width
corresponding to the depth of the processing target point and
the sensitivity, and then sets (step s161) the allowable arrival
angle range. Then, the selection proportion calculator 420
obtains (step s163) the selection proportion corresponding to
the angle obtained in the step s161 based on the selection
proportion conversion formula 560. Subsequently, the pro-
cess proceeds to the step s17.

[0105] According to the present modified example, by
setting the allowable sensitivity level using the transmission
beam width of the ultrasonic beam corresponding to the
depth, it is possible to determine the number of frequency
signals y, selected from the frequency signals y,, and thus
substantially the same advantage as in the embodiment
described above can be exerted.

Modified Example 2

[0106] A harmonic mode is one of measurement modes of
the ultrasonic measurement performed by the ultrasonic
probe 16. The harmonic mode is a mode for performing the
harmonic imaging process of extracting a harmonic compo-
nent to generate the ultrasonic image. According to the
harmonic imaging process, it is possible to image the
harmonic component generated by the ultrasonic wave in the
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process of propagating through the living body, and thus it
is possible to improve the resolution and the contrast. The
embodiment described above can also be applied to the case
of performing the ultrasonic measurement in the harmonic
mode described above in substantially the same manner.
Specifically, it is sufficient to prepare the number-of-recep-
tion channels table and the reception directional character-
istics data, or the transmission beam width data based on the
frequency of the harmonic component to be extracted.

Modified Example 3

[0107] Further, although in the embodiment described
above, the adaptive BF process is illustrated as the beam
forming process, the invention can also be applied to the
case of performing the non-adaptive beam forming process,
in which the weighted addition is performed on the channel
signals from the respective channels using a predetermine
fixed addition weight, in substantially the same manner, and
it is possible to obtain substantially the same advantage.
[0108] The entire disclosure of Japanese Patent Applica-
tion No. 2016-187405 filed Sep. 26, 2016 is expressly
incorporated by reference herein.
What is claimed is:
1. An ultrasonic measurement device comprising:
an ultrasonic probe having a plurality of ultrasonic ele-
ments arranged, each of the ultrasonic elements being
adapted to transmit and receive an ultrasonic beam; and
an arithmetic processor adapted to perform a reduction
process of reducing an amount of information of
received signals received by the respective ultrasonic
elements based on a reception frequency, then perform
a beam forming process on the signals, on which the
reduction process has been performed, to generate an
ultrasonic image.
2. The ultrasonic measurement device according to claim
1, wherein
the arithmetic processor performs, as a part of the reduc-
tion process,

a frequency analysis process of performing frequency
analysis on the received signals of the respective
ultrasonic elements to transform the received signals
into a plurality of frequency signals, and

a selection process of selecting signals with given
frequency components from the frequency signals to
thereby eliminate a signal other than the given fre-
quency components.

3. The ultrasonic measurement device according to claim
2, wherein
the arithmetic processor performs

setting an allowable arrival angle range of a side lobe
allowed to be received,

obtaining a selection proportion of the ultrasonic ele-
ments corresponding to the allowable arrival angle
range, and

the selection process using components corresponding
to the selection proportion on a low frequency side
out of the reception frequencies obtained by the
frequency analysis as the given frequency compo-
nents.

4. The ultrasonic measurement device according to claim

3, wherein
the arithmetic processor sets an allowable level of the side
lobe allowed to be received to thereby set the allowable
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arrival angle range fulfilling the allowable level based
on reception directional characteristics related to the
ultrasonic probe.
5. The ultrasonic measurement device according to claim
3, wherein
the arithmetic processor sets the allowable arrival angle
range in accordance with depth of a processing target
point of the beam forming process.
6. The ultrasonic measurement device according to claim
1, wherein
the arithmetic processor performs, as a part of the reduc-
tion process, a thinning process adapted to thin the
received signals corresponding respectively to the
ultrasonic elements in accordance with depth of a
processing target point of the beam forming process.
7. The ultrasonic measurement device according to claim
6, wherein
the arithmetic processor performs the thinning process by
thinning the received signals based on a pitch length of
the ultrasonic elements corresponding to a propagat-
able frequency determined based on depth of the pro-
cessing target point.
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8. The ultrasonic measurement device according to claim
1, wherein
the arithmetic processor calculates weight based on the
signals on which the reduction process has been per-
formed, and performs the beam forming process as an
adaptive beam forming process in which weighted
addition is performed on the signals using the weight.
9. A method of controlling an ultrasonic measurement
device adapted to perform ultrasonic measurement using an
ultrasonic probe having a plurality of ultrasonic elements
arranged, each of the ultrasonic elements being adapted to
transmit and receive an ultrasonic beam, the method com-
prising:
performing a reduction process of reducing an amount of
information of received signals received by the respec-
tive ultrasonic elements based on a reception fre-
quency; and
generating an ultrasonic image by performing a beam
forming process on the signals on which the reduction
process has been performed.
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